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MEMORANDUM

Date: March 32, 1999

To: Don Smith, Task Manager
EPA Region 6 Response and Prevention Branch

Thru: Henry Thompson, Jr., Project Officer
EPA Region 6 Program Management Branch

Thru: Chris Quina, STL-
EPA Region 6 Superfund Technical Assessment and Response Team

From: Thomas Beer, Project Manager
EPA Region 6 Superfund Technical Assessment and Response Team

Subj: Site Assessment Report: Wilcox Refinery
' Bristow, Creek County, Oklahoma
CERCLIS No. OKD001010917
TDD#: 506-98-03-0009
PAN: 052601SFXX
Lat: 35°50'30"N Long: 96°2300"W

Enclosed is the site assessment report ror the Wilcox Refinery site in Bristow. Creek County,
Oklahoma. The report provides background information, and a detailed discussion of the sampling
history and resuits for this site. The most significant findings are summarized in Section 6.
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1 - B Introduction

Pursuant to Contract No. 68-W6-0013, the U.S. Environmental Protection Agency
(FPA) tasked Ecology and Environment, Inc., (E & E), the Region 6 Superfund Technical
Assessment and Response Team (START) contractor, to perform a Site Assessment (SA) at the
Wilcox Qil Company (Wilcox) refinery site (EPA Identification No. OKD0010917) located in
Bristow, Creek County, Oklahoma. The site assessment follows a Preliminary Assessment (PA)
conducted by the Oklahoma Department of Environmental Quality (ODEQ) in December 1994
(ODEQ 1994a), and an Expanded Site Inspection (ESI) performed by Roy F. Weston, Inc., for
ODEQ in March 1997 (Weston 1997).

The Wilcox refinery site includes approximately 98 acres of an abandoned and
demolished oil refinery and an associated tank farm area. The site is located on the northeastern
outskirts of Bristow, near Interstate Highway 44 and approximately 35 miles southwest of Tulsa,
Oklahoma. A site location map derived from the U.S. Geological Survey (USGS) Bristow and
Slick guadrangtes of the 7.5-minute topographic map series is presented in Figure 1-1. The
Wilcox site is located approximately 0.2 mile east of State Highway 66, to the east of the Saint
Louis and San Fl;ahcisco (SL&SF) railroad tracks, and south of an unnamed section line road,
variously referred to as Refinery Road or Wilcox Road. The geographic coordinates at the
northwest corner of the site are approximately 35°50'30" north latitude and 96°23'00" west
longitude.

START was tasked to identify the area and extent of contamination by performing a site

investigation. START was specifically charged to:

= (Conduct an oil spill response;
» (Coordinate with federal. state, and local officials;

» Document the area and extent of spill impact;
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Identify and document cause/probable cause;
Provide maps, sketches, and photographic documentation;
Prepare a waste assessment (HAZCAT);

Conduct a SA for potential removal action under the National Contingency Plan
(NCP) and Qil Pollution Act (OPA) of 1990; and

Determine threat to navigable waters of the United States.

To meet the objectives of this program, E & E performed two phases of field Work:

April 27, April 28, and June 1 to June 4, 1998; and from August 3 to August 6, 1998. The first

phase of field work was postponed from April to June after the collection of two soil and two

sediment samples, due to sanirated ground conditions at the site after heavy overnight rains.

Field activities included the collection of subsurface soil, ground water, surface water, and

sediment samples. The samplés were submitted for laboratory analysis to determine the presence

of benzene, toluene, ethylbenzene; and xylene (BTEX)} compounds, poiycyclic aromatic

hydrocarbons (PAHs), total petroleum hydrocarbons (TPH), metals, and hydrogen ion

concentration {(pH). Analytical results were used to determine the presence of, and assess the

threat to navigable waters from, potential site related contaminants. |

racyeied paper
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2 Background Information

2.1 Site Locétion and Setting

~ This section summarizes existing information for the project sitle. The Wilcox refinery
site is located northeast of the City of Bristow, Creek County, Oklahoma (Figure 1-1}. The site
covers approximately 98 acres and is the location of a former oil refinery and tank farm.
Refining began at the site during the 1920s and ended in the 1960s, when the site was abandoned
and most steel structures were sal\faged and removed. 'Ihe site is also bordered to .the northwest
and west by former refiﬁery sites. . The Wilcox site. includes remnants of the reﬁnerj_a buildings,
-backfilled pits and ponds, and a number of circular berms that surrounded formér large

aboveground storage tanks. A site plan showing the layout of the site is presented as Figure 2-1.

2.2 Regional Géology and Hydrogeology

2.2.1 Geology

Based on the soil survey for Creek County, the site contains several soil series: the
Stephensville and Darnell fine sandy loams, sloping and gently sloping; the Verdigris silt loam;
and QOil-waste land (USDA 1959). The Stephensville and Darnell fine sandy loams cover the .
majority of the site. These soils consist of shallow to moderately deep upland soils developed
over reddish-yellow to red sandstone or interbedded sandstone and sandy shale. Runoff is slow
to moderate, but internal drainage is moderate to rapid. The site-specific soils characterized in
this investigation are presented in the soil boring logs (Appendix A).

The Verdigris silt loam is located in the southwestern portion of the site, along Sand

| Creek. These soils occupy the fiood plains of streams and are moderately well drained; however,

they are flooded occasionally to frequently. Parent matenial consists of slightly acid to weakly

alkaline alluvial sediments washed from soils of the prairies.
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The Oil-waste land was mapped in discrete areas throughout the site in 1959. These

~ soils are in the tank farm and former refinery equipment areas. The areas mapped in this
miscellaneous land type have been practically ruined for agricultural use by oil and salt-water
waste from oil wells and production facilities. They are generally gullied and eroded and were

barren of vegetation. They ranged in size from 1 acre to several acres (USDA 1959).

222 Hydrogeology

The Barnsdall Formation is approximately 200 feet thick at the Wilcox site and consists
of massive to thin beds of coarse to fine grain sandstone, irregularly interbedded with sandy to
siity shale (USGS 1977). Sandstone outcrops of the Barnsdall Formation are common
throughout the sité, and potentially receive groundwater recharge irom downward infiltration of
direct precipitation at the surface, as well as infiltration from shallow, perched ground water
zones. The Barnsdall Formation is a bedrock aquifer but is not considered to be a Principal
Ground Water Resource by the Oklahoma State Department of Health (OSDH ) (ODEQ 1994a).
However, the site 1§ in close proxirﬁity to the Vamoosa-Ada aquifer, an important central
Oklahoma regional drifikihg water aquifer, located west of the site. The site is within the
potential recharge arca for the Vamoosa-Ada aquifer, as shown in Figure 2-2 (OSDH 1983).

The upper part of the Barnsdall Formation and the Sand Creek alluvial aquifer are
unconfined, with a shallow water tablé. The site is in a potential recharge area and thus is
susceptible to gronnd water contamination from petroleum waste or contanﬁnated soils. Depths
to seasonal perched water zones are less than 10 feet and the shallowest regional water bearing
formation is reportedly less than 25 feet below_hground surface (bgs) (ODEQ 1994a). However, a
depth of 45 to 60 feet was reported for the first water saturated sandstone in a nearby former
domestic water well (i 1998). In summary, the possible ground water contamination
mechanisms occurring at the site are 1) rechar‘g_e to the shallow part of the Barnsdall Formation
on site, 2) low potential recharge to the Vamoosa-Ada aquifer west of the site, and 3) discharge

of perched ground water to the alluvial aquifer along Sand Creek to the south.

2.3 Site Description and Histo

2.3.1 Site Description

- The Wilcox site includes remnants of an inactive oil refinery
According to CDEQ personnel, the site boundaries have been revised from those defined in the
1994 PA to include only those areas in which Wilcox Oil Company conducted operations.

Although Wilcox Oil Company owned property west of the railroad tracks (currently occupied

(';&CVQE(}QQ&DEF exrulegs g epviremment
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by the First Assembly of God Church and pastor’s residence}, the facility oﬁly operated on the
lands east of the SL&SF tracks. Other refineries operafed on the west side of the railroad tracks
(Lorraine Refinery) and north of Refinery Road (Ohio Oil). The current project site covers
approximately 98 acres and includes the northem portion of Section 29, Township 16 North,
Range 9 East (Indian Meridian) (ODEQ 1994b). The site can be divided. into two former
operational areas, the refinery area, and the tank farm, with four current property owners, as
described below. _ _ _

The former refinery area, currently owned by [N and his son [}, is fenced
and covers approximately 18 acres at the west end of the project site (ODEQ 1994b). This area
is bounded to the south by Sand Creek, to thé east by an intermitteﬁt tributary to Sand Creek
(Tributary 1), by the SL&SF railroad tracks to fhe west, and by Refinery Road to the north
(Figure 2-1). Most of the refinery structures and tanks have been salvéged and removed or are in
ruins. Four empty aboveground storage tanks (less than 150,000 gallons capacity each) remain
standing on the refinery portion of the property, in addition to a substantial number of ‘aband(;ned
structures, rusted equipment, and partially buried pipelines. The ESI identified a number of
pot’ential waste source areas; and provided a basis for further subsurface investigation. These
potehtiai waste source areas are depicted in Figure 2—3, along with 6bserired surface drajn'age
pathways from sotirces toward stream channels. The bare, unvegetated area located in the south-
central portidn of the re'fi'nery‘are.a is a foriner pond; apparently béickﬁlled with solid refinery
process waste. This material was subject to HAZCAT testing, as déscribed in Section 3.6. A
former refinery office bﬁilding in the northern part of the refinery has been converted toa
residence. An intermittent creek {Tributary 1) flows southward alon.g the eastern edge of the
refinery area through a small dam in the southeast corner of the refinery area ({JifJ] Pond) and
into Sand Creek. - - ) ‘

T};e former tank farmi, currentiy mdstly owned by _ covers appi‘dkimatély
80 acres and contains waste pits, ponds, and a humber of circular berm areas that surrounded
former large ASTs (Figure 2-3). All of the tanks have _léeen cut down and removed for salvage;
howevef, vis‘ibie remnants of the métat tank bottoms aﬁd tank bottom shadge (TBS) remain.
Many of the berms surrounding the pits, ponds, and former tanks have recently been cut or
feveled to prevent ponding and, in some cases, to release liquid tarry waste from the

impoundments. An intermittent creek (Tributary 2) is located in the eastern portion of the tank

farm and flows south to Sand Creek (Figure 2-3).
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XS o s 3.6 acres of land in the west central portion of the site, including a
stock watering pond on Tributary | [[JJJJi§)] Pord). Three people, [[BESIII 2nd their
daughter, tive at the [ residence. The [ raise chickens, rabbits, and cattle on their
property. Based on aerial photographs, the [l residence appears to be on top of a former
reﬁnéry surface impoundment. Aerial photos also indicate that their property includes portions
of a former large aboveground storage tank berm area to the north of their house, in.addition toa
second surface ihipoundmént to the south of the house (Figure 2-3).

A 1.15-acre, fenced, former pipeline pumping station that is curfently owned by Sun Oil
Company exists in the north-central portion of the site (Figure 2-3). An active Williams
Company petroleu_m pipeline extends from southeast to northwest across the middle of the site _
and through the Sﬁn Oil property, on a léased right-of-way (ROW). The pipeline ROW
apparently dates from the time of purchase by Wilcox Oil Company in 1929 (Table 1;

" Figure 2-3). | |

2.3.2 Site History _ _

Wilcox Oil Company operated as a crade oil refinery from the 1920s until the property
waé_ sold in Ndvember 1963 (ODEQ 1994bj.__ Aﬁcording toa 1230 arﬁélé published in The |
Refiner and Natural _Gdsqliner_Mdﬁufacrurér, the Wilcox Qil Cqumpan.y réﬁnérjr was oé'éfa-t_ed asa
pilot project from about 1920 to 1928, with a capacity of 1,000 barrels of oil per day, by Riley
Petroleﬁm Company (Reid 1930, cited by ODEQ 1994b). Wilcox Qil Company acquired the
original 10_-a'c;e refinery property (NEV, NW4, NW% of Section 29) in 1928 from A.A.
Rollesfo_né (ODEQ 1994b). A modemized s“kimrning and cracking plant was constructed in
1929. The upgradcd facility had an operating capacity of 4,000 barrels of crude oil pér day. The
main components of the systém.consistéci/ of a skimming plant, cracking unit, and redistillation

‘battery with a vip_or recovery system and continuous treating equipment. The crude oil was
brought directly from the nearby oil ﬁelc}é, eliminating some storage and handling facilities, but -
resulting in cru_de with high bottom sediment énd water content (ODEQ 1994a). |

‘ At some unknown later date, the Wilcox Qil C;Jompany expanded operations by acquiring
the former Lorraine refinery facility located west of the SL&SF raiiroad, and the tank farm area
to the east of the. refinery. The company sold the oﬁginal site plus the expanded areas, totaling
approximately 110 acres, to Wendel Sandlin on November 1, 1963. Most of the equipment and
storage tanks that remained on site in 1963 were auctioned and have since been salvaged for
scrap iron by private landowners and opportunistic salvagers. The Wilcox Qil Company no

longer operates in Oklahoma, and, based on information acquired from the Oklahoma Secretary

ogveied paper
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of State’s Office, the company merged with Tenneco Oil Company in 1967. Accdrding to file

information, (b) 6) ] acquired the original refinery property from _ on
March 27, 1973 (ODEQ 1994b). - acquired the bulk of the current Wilcox site 'from-
X8 in 1993 (Appendix B). A summary of current site owners and historical property transfers

- is presented in Table 2-1.

2.4 Previous Investigations

The EPA compieted a Potential Hazardous Waste Site Identification form on June 7,
1994, In response, the ODEQ completed a PA for the Wilcox site and adjacent refinery and tank
farm sites, on December 15, 1994. The PA indicated that contamination of soil and ground water
at the site had beeﬁ observed and that potential receptors exist for these pathways (ODEQ
1994a). The PA then recommended a site inspection be conducted in order to better characterize
the site and to determine whether threats to human health and the environment exist. The ESI
was conducted by Roy F. Weston (Weston) for ODEQ in November 1996, and their results were
presented in the ESI report dated March 1997.

The ESI revealed the presence of numerous backfilled ponds and oily waste pits, 11
large tank bottom areas, assorted waste disposal areas, and other potential contaminant sources
(Figure 2-3). Many of the tank bottom areas contained a thin layer of oily, tarry, black asphalt-
like material generally referred to as tank bottom sludge (TBS). Former containment features of
the impoundments and tank bottom areas were cut or leveled after site closure, thus facilitating
surface migration of source contaminants. Based on surface soil, stream sediment, and oily
waste sampling results from the ESI, the contaminants of cdncem at the site are total pétroleum
hydrocarbons (TPH), benzene, selected polycyclic aromatic hydrocarbons (PAHs), and selected
metals. A summary of the ESI analytical results is presented in Table 2-2.

E & E conducted a site discovery survey under OPA in June 1997, and two site
reconnaissance visits were performed by START in March and April 1998. During its site visits,
START observed that the site owners had filled in Pond 1 and the ‘oily waste’ pit with site soil.
The berm surrounding Pond 2 was breached and the pond drained toward Sand Creek. Four
ASTs still remain on the [ property at the west end of the site. Of these ASTs, two are

empty, and two contain thin layers of watery, oily sludge.

2.5 Hazards/incidents of Concern
The presence of hazardous substances at the site is a concern. There are possible

concerns associated with the sources at the site and the migration of, or exposure to, site-
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attributable hazardous substances through the ground water, surface water, soil exposure, and air
pathways. The site overlies a shallow unconfined aquifer that private residents north of the site »
use as a water source. In addition, the site overlies a potential recharge zone to the Vamoosa-
A&a aquifer, a public water supply source. A release to surface water is of concern because of
the proxiinity to surface water bodies and the lack of containment structures around potential
waste sources. Wetland frontages occur in the downstream segments of Sand Creek, and further
downstream in the Liitle Deep Fork Creek (Weston 1997). Areas of known surface soil and
suspected subsurface soil contamination are located near and beneath on-site residences.
However, on-site sources occur within fenced sections of private properties and the nearby
population is relatively small. A release to the air to the nearby population is of some concern

because of the known surface soil contamination at the site.

sgyeiea naper
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Table 2-1
LAND OWNERSHIP HISTORY
WILCOX REFINERY, BRISTOW, OKLAHOMA _
Acreage
{Parcel Location On Site) Property Owners - Date of Transfer
18 1/22/79'
{Western 1/5")
| 3127/73!
|
‘ 4/21/67
- 3/6/67'
T15/66!
' 11/1/63"
Wilcox Qil Company 1/4/29
* Unknown
(Eastern 4/5%)
19923
36 _ ] 1/95° i
(West Central}
! Unknown "
907 Soisth Detroit Street SR Sun Pipeline Co.* 1 ' Unknown -
Tulsa, OK 74102 L {North. West Central) _ S |

Key:

1 = Pgtentallv Responsible Party (PRP) Search, Oklahoma Department of Environmental Quality (ODEQ), 12/12/94
2= ersonal Communication. 7/17/98 )

3= ersonal Communication; 7/28/98

4 o Personal Communication, 7/21/98

(6000608 _KJ06_(4_00_80-DT1221
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Table 2-2
SUMMARY OF EXPANDED SITE INSPECTION
ANALYTICAL RESULTS
WILCOX REFINERY, BRISTOW, OKLAHOMA I !
Maximum Concentration (mg/kg)
Analyte Oily Wa_s:te Surface Soil Stream Sediment Background Soil
Acetone B 2.2 48] ND
Benzene 027 ND
‘Toluene ND
Ethylbenzene ND
Xylenes ND
Benzo(ghi)perylene 0.44 ND
t Chrysene ' 0.69 0.05
2-Methylnaphthalene ND ||
Phenanthrene 0.79 0.034
{| Pyrene 0.56 — 0.062
Pesticides/PCBs ND
Total Petroleum Hydrocarbons NA NA NA
Aleminum - 5,580
I Antimony ND (4)
Arsenic 1.5
Barium 582
Beryllium 12 _ 0.28
Copper 100 127 ©5:5.{upstream) 53
{| Cyanide 2 ND (0.7)
Lead 47.000° 117 (upstream) 26.3
Magnesium 5,080 6,260 (upstream) 744
Manganese 938 233
Mercury 0.11 0.18 ND (0.07}
Potassium 3,300 961
Selenium 0.84 ND (1}
Silver 2 ND (1}
[ Vanadium 38.1 112
Zinc 160 132 31.7 (upstream) 34.8

Note: Blank spaces indicate analyte was not detected at concentrations greater than three times background soil concentrations.

Key:
ESI -
J - Estimated value
L -
NA - Not analyzed
ND - Notdetected
Milligrams per kilogram

mg/kg -
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results exceed one or more To Be Considered materials in Section 5.1.1.

Reported concentration is between the instrument detection limit and the CRDL
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3 - Actions Taken

This section describes the field activities performed during the SA at Wilcox refinery.
Field activities were performed in accordance with the Sampling QA/QC Work Plans and Health
" and Safety Plan developed for the site (E & E 1998a, b, ). Copies of the Phase 1 and 2 Work
Plans, and the Health and Safety Plan are presented in Appendices C and D, respectiv‘ely. Field
activities were documented in the field logbook (Appendix E) and with photographs '
(Appendix F). B - o

3.1 Source Evaluation and Sample Locations

Subsurface soil and ground \“Nater samples were taken in order to asséss contaminant
migration (vertical and horizontal), investigate geologic conditions, and determine the pdtential
threat to navigable waters. Site access was obtained from each landowner prior to field '
mobiiization (Appendix G). Samples collected during the first phase of work were generally
collected at downgradient locations in relation to potential source areas identified from the ESL
The second phase of sampling concentrated on assessing the p_otentiél impacts to surface waters
in Tributaries 1 and 2, from known source areas identified from the ESI and from the first phase
sampling resuits. A summary of the rationale for each sampie location is presented in
Appendix H. _

Soil, ground water, surface water, and sediment samples were collected at the site in
order to identify site-related contaminants in environmental media. A total of 55 subsurface soil
samples, eight groundwater samples, four surface water samples, two sediment samples, and 12
field quality control (QC) samples were collected. A summary of the number and dates of
sampies collected for each phase of field work. and for each sampling medium, is presented in
Table 3-1. The samples were submitted for laboratory analysis to determine the presence of |

volatile BTEX compounds, semi-volatile PAHs, TPH, metals, and pH. A summary list of the

06:000608 _KI06_04_00_00-DT1221
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analyses performed for each medium sampled is presented in Table 3-2. All first phase samples
were shipped via Federal Express to the E & E Laboratory in Buffalo, New York, and the second
phase samples were shipped to PDP Analytical Services in Houston, Texas. All analytical results

are presented and evaluated in Section 4.

3.2 Soil Coring/Sampling

START used a Geoprobe™ hydraulic push sampler to initiate the first phase of field
work in April and June 1998, to exploré subsurface lithology, and determine the presence of site-
related contaminants. Twenty-eight samples from nineteen 2-inch diameter soil cores were
obtained to a maximum depth of 20 feet bgs within potential source areas. Samples were first
logged by the field geologist, screened for the presence of volatile organic vapors using an HNu
photoionization detect_or (PID), and transferred by hand fro_m tﬁe acefat_e collection sleeves to the
appropriate sample jars. Each borehéle was sealed with beﬁtonite pellets after sample collection.

In addition, during the.second phase of fie__l& work in August 1998, a total of 27 hand-
driven, slam-bar borings were ad.vancec.i to obtajn shallo\;v sub_surfacé soil sarﬂples and!uor pefched
ground water samples. ='['he.loc.ation of all soil bbrings is shown in Figure 3-1. The Geoprobe™
soil cores and hand-driven samples were also used to interpret site-specific lithology, which is
presented on boring logs in Appendix A. A summary of soil boring parameters for each location
including totai depth, depth to water if encountered,.'depth to bedrock if present, and observations
of contamination, is p_re's'eri'ted in Table 3-3. The areal distribution of the depth to bedrock data is
also depicted in Figure 3-2. ' -

Fifty-five soil sa.mplés and six duplicates were collected from the subsurface {Table
3-2). The soil samples submitted to the laboratory ‘were analyzed for BTEX compounds using
EPA Method 8015B Mod., for PAHs using EPA Method 8310, for TPH using the Texas Natural
Resource Conservation Corn:hission (TNRCC) Method 1005, for metals using EPA Method
SOIOB, and for soil pH using EPA Method 9045C (Table 3-2). Soil sampling results are

presented in Section 4. 1.

3.3 Ground Water Sampling

Eight ground water samples and one duplicate were collected at the water table where
encountered (Tabie 3-1). All ground water sample locations and the associated soil borings are

depicted in Figure 3-3. Sarnpiés were obtained where possible from open soil borings using the

’SC\{CE?G paper sy
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stainless steel or acetate soil sampling tubes as bailers. Samples were placed in the appropriate
- containers, and cooled to 4° Celsius. Ground water samples were submitted for laboratory
analysis to determine the presence of BTEX compounds and TPH. Ground water sampling

results are presented in Section 4.2.

3.4 Surface Water Sampling

Four surface water samples and one duplicate were collected near the water surface from
the upstream (north) and downstream (south) ends o)) pond; and from the upstream and
downstream ends of Tribﬁtary 2 at the property boundaries. All surface water sample locations
are depicted in Fiéur_e 3-3. Samples were obtained directly in the appropriate containers, at or
near the water surface. Sarnples were cooled to 4;’ Celsius and submitted to the laboratory for
analysis of BTEX combounds aﬁd TPH (Table 3—.5.). Surface water sampling results are

presented in Section 4.3.

3.5 Sediment Sampling

Two sediment samples were collected to fill a data gap in the ESI sampling program,
and to evaluate the potential for contaminant migration from Pond 2 toward Sand Creek.
Sediment samples were collected at the surface from depositional features in the drainage
channel, using dedicated stainiess steel sampling trowels. The sediment samples submitted to the
laboratory were analyzed for BTEX, PAHs, TPH, metals, and pH (Table 3-2). Sediment

sampling resuits are presented in Section 4.4.

3.6 HAZCAT Testing

START performed a series of simple field chenﬁstry tests on cne 7soil sample collected
from the unvegetated area on the [{SJJ§Jl] property. in the west central portion of the site. The
tests are designed to identify the hazard category (HAZE_CAT) of unknown samples in the
following classifications: solubility/specific gravity, fic;idfbase, oxidizer, flammabie, chlorinated
hydrocarbon, cyanide, sulfide, and hazard class. The HAZCAT test results are presented in

Section 4.5.

06:000608_KI106_04_00_00-DT1221
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3.7 Global Positioning System and Total Station Survey

Geographic coordinates of all soil boring locations were determined by START by using
a hand-held Global Positioning System (GPS) instrument operating in alitonomous mode, based
on the North American Datum-83, with accuracy estimated ai: +/- 50 feet circular error probable.

The accuracy of the GPS survey is not deemed appropriate for the location of sampling
points which are located manually in Section 3 figures to an estimated accuracy of + 20 feet
circular error.

A preliminary land survey was conducted by START on August 8, 1998 using a Sokkia
Set-4E Total Intelligent Station surveying instrument. The main purpose of the survey was to
determine elevations; and ndtthing and easting Jocations of the steep embankment area near
sampling location SBO3 and Tributary 2 relative to a site benchmark established at the SL&SF
railrdad crossing on Refinery Road. It was anticipated that cross-sectional views of the former
tank berm and Tributary 2 stream bank would be réquired'to evaluate the probabile migration of
h'ydrocarbon contamination in SBOS toward the stream. However, no contaminants were
detected in the second phase soil borings designed to assess the expected subsurface migration

pathway, and no further topographical evaluation is-required in this viciiiitj{.

veologs and ensironmern
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Table 3-1
SUMMARY OF THE NUMBER OF SAMPLES COLLECTED
WILCOX REFINERY
I BRISTOW. OKLAHOMA
Depth Range

Medinm (inches, feet-bgs) Number of Samples ~ Date(s) Sampied i
Phase 1
Geoprobe™ Soil Oto 15 feet S8 - H2T - 614198
Soil Duplicate ] Oto 15 feet : : 3 6/1 - 6/3/98
Ground Water (GW) 210 16 feet : 3 6/1.- 6/3/98
GW Duplicate 7to § feet - ! 6/3/98 i
Sediment - : .| Oto 3 inches ' : 2| - 4nsms 7 “
Trip Blank - NA - : 2 . 6/2-6/3/98
Phase 2
Slam-bar Soil Oto 3 feet ' ' '. _ 16 8/4 - 8/6/98
Soil Duplicate Oto 3 feet 1 8/6/98
JMC® Boring Soil 2 to 12 feer 11 8/4 - 8/6/98
Soil Duplicaie 2to 12 feet 2 8/5 - 8/6/98
Ground Water 6 to 8 feet 3 8/5 - 8/6/98
Surface Water (SW) - NA 4 8/4 - 8/6/98
SW Duplicate NA . 1 8/5/98
Trip Blank NA 2 8/4 - 8/6/98
TOTAL 81

Key:

bgs - below ground surface
NA - Not applicable

06:000608 _KJ06_04_00_00-DT1221
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Table 3-2

SUMMARY OF THE ANALYTICAL PROGRAM
WILCOX REFINERY, BRISTOW, OKELAHOMA

nd e
irnery

FEEIDEY SR Doy

BTEX™ TPH® PAHs® | Metals® pH®
Samples™ _8021B Mod. 1005 8310 (0108 9045C
1 Seil i 1 1 X ' X X X X
Ground Water | 9 X X* n
Surface Water | 3 X X "
Sediment 2 X X X X X "
Trip Blank 4 X H
TOTAL 81 Ii
Key:
a - Includes all media, duplicates, and field quality control sa:ﬁples collected
“b - Benzene, toluene, ethylbenzene, and xylenes by GC Method 8021B Modified
¢ - Total petroleum hydrocarbons by GC Method 1005 per TNRCC
d - Polycyclic aromatic hydrocarbons by HPL.C Method 8310
e - 23 metals by ICP Method 6010B _
f - Hydrogen ion concentration expressed in negative log units by Method 9045C
* - TPH was not analyzed in Samnple GW08 due to low sample volume
06:000608_KJ06_04_00_00-DT1221
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Tabie 3-3

SOIL BORING PARAMETERS
WILCOX REFINERY, BRISTOW, OKLAHOMA

Soil Boring | Total Depth | Deptit to Bedrock
Number (feet) Depth o Water (feet) (feet) Field Observation of Contamination
S5B-X 6.0 0.0* 6.0 None cbserved
SB-1 11.0- 0.0* 11.0 Black staining with strong petrolenm odor nated from 0.0 to 10 feet bes
S5B-2 2.1 Not encountered 2.1 None observed
SB-3 1.5 Not enconntered 1.5 None observed
5B+ 50 Not encountered 5.0 Trace dark petroieum jog with slight pegoleum odor at 4-feet bes
SB-5 20.0 15.5 Not encountered | Petroleum odor throughout. trace oil product (0-37). slight staining (4-87, sheen on groundwater]
SB-6 2.2 Not encountered 2.2 None observed
SB-7 5.0 Not d 5.0 None observed
SB-§ 20 ‘Not encountesed 2.0 None observed
SB-9 12 Not enc d 20 None observed
SB-10 43 Nt éncountered 490 None obecrved
SB-11 3.0 Not enc d 10 None observed
SB-12 9.0 . 8.9 9.0 None chserved
5$B-13 10.0 8.0 Not encountered | Slight to strong petroienm odor noted from 4.0-1o 7.5 feet bes
SB-14 11.0 4.5 Not encountered | Suffurous, anaerobic decay odor throughout
SB-15 EN] 10 3.1 Fill miterial throughout, consisting of black cinder of ash
SB-16 6.5 4.0 6.5 Petroleutn odor noled from 1.1 to 6.1 feet bgs
SB-17 115 63 Not encountered _| Petrolesm odor noted from 4.0 to 6.3 feet bes
SB-I% - 135 8.0 Not encountered | Old gasoline odor throughout, free-phase petraleum product on groutdwater
SB-19 20 Naot enct d 5.0 Petroleum odor and staining noted from 0.0 to 5.2 feet bes
5B-20 3.0 Notencountered | Notesicountsred | None observid '
5B-21 3.0 Not encountered Not encountered  § None observed
SB-22 30 Not ence d Notencountered | None observed
S5B-23 3.0 Not enct d Not encountered | None observed
SB-24 20 Not encountered 2.0 Petroleam odor and staining noted at 2.0 feet bes
$SB.25 3.0 Not encc d Not ence d_{ Nope observed
S8-26 1.0 Not encountered Not encountered None observed
$B-27 3.0 Not encountered Not encountered | Nohe observed
SB-28 2.0 Not encountered Not encountered | None observed
$B-29 1077 | Novencountered Not encountered | None observed )
SB-30 2.0 Not encountered Not encountered . { Petroleum odor and staining noted 0.0 16 | feet bgs’
SB-31 i0 Not encountersd . Not encountered | Petroleum odor and staining noted 0.0 to | feet bes
SB-32 1.0 ‘Wer throughout Not ence 1- .| Petroleum odor and staining noted 0.0 to | feetbos
SB-33 i0 Wet throughout Not encountered | Petroleum oder and staining noted 0.0 to 1 feet bes
$B-34 1.0 Wet throughout . | Not encountered - | Petroleum odor and stzining. noted 0.0 10 | feet bes
5B-35 3.0 Not encountered Not enc d__| Strong pemolenm odor from 0 to 3 feet bgs
SB.36 g.0 6.5 Not encountered . | Stight pewroleum odor noted from O to 1 feet bgs
SB-37 5.0 6.5 Not 2n d {None observed
S$B-38 2.0 1.0 . Not enconntered | None observed g
SB-3% 9.0 1.0 Not encbumered None observed
SB-40 5.0 3.5 Not encountered | None observed
SB-41 5.0 2.5 Not encountered  {None observed
SB-42 5.0 2.5 Not encountered | None observed
SB-43 g, 4.5 Mot encountered  |None observed
SB-44 5.0 4.5 Not encountered  |None observed
SB4S 9.0 1.0 Notencountered  {Noae cbserved
5B-46 12.0 ol encoantered Nort encountered . |Strong perroleum. odor and stainine from 0.0 to 12.0 feer hes
Key:

- Boring was completed on Aprii 27. 1998, Due to 4 inches of rinfall on April 26, the ground surface was saturated
bes - Below ground surface
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T35 EXL-3W9Y-RA




4 - Nature and Extent of Spill Impact -

The namf’g: and extent of the spill irﬁpact at Wilcox refinery was assessed using field and
analytical laboratory data: - A summary of analytical results is discussed below by sampling
media. Table 4-1 preéents organic-analytical r‘e_su_lté for éediment and subsurface soil samples,
Table 4-2 presents inorganic analytical results for sediment and subsurface soil samples, and
Table 4-3 preseiits. analytic_al reSult"s for gmund:ﬁwater'sz{rnples. Analytical results for so’il_are
reported as milligrams per kilogram (mg/kg), and all ground water data are presented in
rmlhgrams per liter (mg/L.). The complete analytical data package from the sampling program at
Wilcox is presented in Appendix I The overall analytical data qual'ity.is assessed in Section 4.6
and summarized in Table 4-4. A preliminary éstimate of the W__ajé_te quantity on site 'b_‘a'sed‘on a
spatial e\;aluation- of fhe analytical data-is presented in Section 47, and surﬁmariied in Table 4-5..

" The soil, ground water, surface water, and sedfment analytical data were reviewed and
qualified under U.S. EPA data validation guidelines (U.S. EPA 1994a, 1994b). Data qualifiers
are assigned in the data tables when necessary, to indicate that caution should be exercised when

- using these results. The signiﬁcanée of detected énalyte concenﬁatioﬁs for each-medium is
evaluated in Section 4.6, based on compaﬁson with selected chemical-specific regulatory criteria.
For data presentation’ purposes, only site data greater than regulatory screening levels to be '
considered (TBC) materials for any organic sample (Table 5-1) or ‘20 times’ toxicity
charac.t.eris'tic leachinéprocedure (TCLP) inorganic criteria (Table 5-2), are présented. Further

discussion of organic and inorganic TBCs can be found in Section 5.

4.1 Soil Analytical Resuits

- A total of 55 soil samples were collected from 46 soil borings and analyzed for BTEX
compounds, TPH, and PAHs (organics); and for metals and pH (inorganics). The soil sampling
results are presented below for each type of analysis.

~zcycied paper
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4.1.1 Organics

Twenty-five organic compounds were detected in site soil, ihcluding all four BTEX
compounds: benzene, toluene, ethylbenzene, and xylenes (Table 4-2). Of these compounds,
xyleries (total) was detected most ffequently (12 of 55 samples). Ethylbenzene and toluene were
each detected in 11 of 55 samples, and benzene was detected in seven of 55 samples. The areal
distribution of BTEX compounds in soil at concentrations greater than screening levels is shown
in Figure 4-1. The maximum detected benzene concentration is 2.2 mg/kg fromSB16at5to 6
feet bgs. The maximum detected concentrations for ethylbenzene (670 mg/kg), toluene (410
mg/kg), and kyleqes (2,700 mg/kg) were from SBO1 at O to 0.5 feet bgs.

Seventeen:of 18 PAHs 'analyzedfc)r were detected; with acenaphthylene not detected.
Phenanthrene was detected most frequently, it was present in 26 of 55 samples. Benzo(a)-
anthracene was detected 23 times, and benio(b)fluoranthene and detected 21 times (Table 4-1).
The areal distribution of PAHs in soil at concentrations greater than screening levels is shown in
Figure 4-1. The maximum concentrations for all PAHs detected occurred in SB15at 0 to 1 foot
bgs. Elevated concentrations of most PAHs were also noted in SB34 at O to I foot bgs.

Total petroleum hydrocarbons _("_I_'PI“D were detected in 15 of 55 samples (Table 4-1).
The areal distribution of TPH in soil at concentrations greater thaﬁ scfecning levels is shown in
Figure 4-1. The maxtmum detected TPH concentration is 280,000 mg/kg in SB15 at 0 to 1 foot
bgs. Elevated concentrations of TPH were also noted at soil boring locations SB01, SBOS, SB 14,
SB16, SB17, SB18, SB19, SB20, SB24, SB33, and SB34. Elevated BTEX and PAH results

often occur significantly at locations with elevated TPH concentrations.

4.1.2 Inorganics

Métals are .naturally occurring elements in soils. For screening the significance of
results, metal cohcentrations detected in on-site soil samples were compared to a factor of “20
times TCLP criteria” based on the extraction methodology of the toxicity characteristic leaching
procedure (TCLP) (40 CFR 261). For presentation purposes, metal concentrations exceeding the
TCLP based screening factor are higﬁlighted in Table 4-2, and presented spatially in Figure 4-2.

Twenty-one of the 23 metals analyzed were detected in site soil, four of which were
detected in all 55 samples analyzed (aluminum, calcium, ifon, and manganese). Bartum,
chromium, potassium, and zine were each detecteﬂ in 54 samples. Based on lead as the key
indicator metal of concemn at refinery sites. the maximum lead concentration is 15,200 mg/kg in

sample SB35 at 0 to 3 feet bgs in Pond 2. Elevated lead concentrations are also present

06:000608_KI06_04_00_00-DT1221
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throughout the Tributary 1 stream bed; however, the maximum concentration along this pathway,
1,960 mg/kg, occurs in the off-site, upstream sample at SB20, from 0 to 3 feet bgs. This
indicates that upstream sources on the Ohio Oil refinery site and muitiple on-site sources (Figure
2-4) may have contributed to documented lead impacts in the Tributary 1 stream channel on the
Wilcox site (Figure 4-2).

Soil pH is a measure of acidity and an indicator of unnatural site conditions. - Refinery
wastes can be extremely acidic due to the presence of sulfur compounds, and o1l field brines and
drilling muds are typically caustic. A neutral pH is 7, with extreme acid conditions being less-
than 2, and elevated caustic conditions greater than 12. The results from pH testing of soil
samples are presented in Table 4-2. A total of seven soil samplés from different borings have a
pH less than 4, wiﬁh no pH results greater than 10. The two lowest values, 2.3 in SBO8 at 1 to 2
feet bgs, and 2.8 it SB10 at 3 to'4 feet bgs, appear. to be unnaturally acidic conditions, Potential
sources exist upgradient at each location: the “Oily Waste Pit” near SB08, and backfilled ponds
beneath and south of the - residence near SB10 (see Figures 2-4 and 3-1).

4.2 Ground Water Analytical Resuits

A'total of eight ground water samples and one duplicate were collected where ground
water was encountered in soil borings, and 'an'alyzed for BTEX compounds and TPH. The

ground water sampling results are presen!ed below for each type of analysis.

4.2.1 Benzene, Toluene, Ethylbenzene, and Xylenes

A summary of BTEX compounds detected in ground water samples at the Wilcox site is
presented in Table 4-3, and the areal distribution of contamination is depicted in Figure 4-3.
Ethylbenzene was detected most often. in five of eight samples. Xylenes are preseﬂt in four
samples, benzené was detected in two samples, and toluene was detected in one of the eight
samples. The maximum detected concentrations of benzene (8.9 mg/L), ethylbenzene
(3.3 mg/L), and xylenes (9.1 mg/L) were in sample G“‘f__S.fr'om SB 18 near the fenced Sun Oil

Company property. Note that a thin petroleum 'produét layer was observed in this sample vial.

4.2.2 Total Petroleum Hydrocarbons |

A summary of TPH carbon ranges détected in ground water samples at the Wilcox site is
presented in Table 4-3, and the areal distribution of contamination is depicted in Figure 4-3.
TPH was not analyzed in sample GW8 due to the low sampie volume present. TPH in both the

gasoline carbon range (C6-C10) and kerosene/diesel/lube oil carbon range (C10-C28) was

regycied paper
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detected in samples GW1, GW2, and GW5. The maximum detected concentrations-of C6-C10
- hydrocarbons (3,300 mg/L), and C10-C28 hydrocarbons (5,900 mg/L), were in sample GW5
from SB18, coinciding with the maximum detections of BTEX compounds. The elevated
concentration of TPH in GW4 at SB17 1s also significant because of its location in the fenced

yard of the ([ residence (Figure 4-3).

4.3 Surface Water Analytical Results

A total of four surface water samples that were most representative of upstream versus
downstream conditions were collected from available locations in Tributaries 1 and 2. Due to
low flow conditioﬁs, samples could only be obtained from ] Pond on Tribatary 1, and
isolated pools in Tributary 2. Each 'sample' was analyzed for BTEX compounds and TPH.

No BTEX compounds or TPH were detected in site surface water samples. Detection

limits and the analytical data package are presented in Appendix L

4.4 Sediment Analyticai Resuits

Two sediment samples were collected to assess the potential for contaminant migration
from Pond 2 to Sand Creek via the surface water runoff pathway. The sediment samples were
anaiyzed for BTEX compounds, TPH, and PAHs (organics) and for metals and pH (inorganics).
It should be noted that the subsurface soil samples identified as SB20 to SB34 were collected
from the dry creek bed of Tributary 1, and should be considered along with all sediment data in
the evaluation of site impacts to the surface water migration pathway, and waters of the United
States. The sediment sampling results from samples SED11 and SED12 are presented below for

each type of analysis.

4.4.1 Organics

No BTEX compounds or TPH were detected in site sediment samples. Detection limits
are specified in Table 4-1 and in the analytical data pacﬁiage, presented in Appendix I.

Seven of 18 PAHs anaiyzed for were detected in site sediment. Benzo(a)anthracene,
benzo(a)pyrene, and pyrene were detected in each sample; and benzo(b)flouranthene, chrysene,
fluoranthene. and phenanthrene were each detected once (Table 4-1). The highest level of PAH
detected was pyrene, which was detected in SED11 at 0.41 mg/kg and in SED12 at 0.12 mg/kg.
No pattern in the concentration of PAHs in the upstream (SED12) versus the downstream

(SED11) sample could be discerned.
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4.4.2 Inorganics
Metals are naturally occurring elements in sediment. Antimony, beryllium, cadmium,
mercury, selenium, silver, and thailium were not detected in the site samples. The analytical
results for metals detected in sediment samples are summarized in Table 4-2. Fifteen of the 23
metals analyzed for were detected in site sediment, 13 of which were detected in both sdmples
analyzed. Based on lead as the key indicator metal of concern at refinery sites, the
concéntfations of lead in sediment are 32.4 mg/kg in SED11 at Sand Creek, and 16.7 mg/kg in
SED12 at Pond 2. As areference, these concentrations are significantly lower than the maximum
lead concentration for the Wilcox site (15,200 mg/kg), which was collected upstream in Pond 2
~soil at SB35 (see Section 4.1.2). The sediment samples from the Pond 2 flow path do not show
elevated concentraﬁons from Pond 2 metals contamination.. There was no discermnable pattern in
the concentration of metals in the upstream (SED12) versus the downstream (SED11) sample.
The pH result of 7.1 for each sediment sample is nentral with respect to acidic or basic
site conditions. By comparison, subsurface soil samples collected from Pond 2 have pH levels of

5.1 and 6.2.

4.5 HAZCAT Result . |

_ One sample of a solid waste from the unvegetated area on the [} property was
subjected to HAZCAT field testing. No other waste sources were deemed appropriate for testing
due to the oily nature of the matrices or adequate waste characterization from the ESI sampling
program. _

The following list indicates the qualitative HAZCAT test tube results for the waste
sample:

» Sample Description: grey, granular, solid waste, fertilizer-type odor,

» Specific Gravity: >1,

+  Water Reactivity: Negative,

*  Solubility: Sparingly soluble,

. pH: 5.5,

+  Presence of Oxidizers: Negative,

» Sulfide: Not Applicable if pH <7,

= Cyanide: Not Applicable if pH <7,
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»  Chlormated Hydrocarbons - Copper Wire Test: Negative,
~»  Chlorinated Hydrocarbons - PCB Test Kit: Positive, greater than 50 ppm, and

¢  Flammability: Negative,

~ The only significant positive result from the HAZCAT testiﬁg was from the
polychlorinated biphenyl (PCB) test kit, A previous sample taken from the uhvegetated area
during the ESI revealed non-detects for all. EPA target analyte list (TAL) pesticides and PCBs.
This positive HAZCAT test result for PCBs appears to be a false positive resuit due to the
following possible interferences identified in the field test kit manufacturer’s instructions: excess
méisture, inorganic chilorides, or the .presence of othef chlorinated orgénic corﬁboundé (ie.,

solvents, pesticides).

4.6 Data Quality Assessment

Data quality assessment is a qualitative and quantitative review performed on the
azlxaly.tical results generated from the site sampling program to establish the usability of the data.
Initiaily, all START laboratory data were validated and qualified according to EPA data review
procedures (U.S. EPA 1994a, 1994b}. Data qualifiers are presented in the appropriate data tables
in this section and explained in detail in the data validation reports in Appendix J. Quality of the
validated data was assessed in terms of precision, accuracy, representativeness, comparability,
and completeness (PARCC) parameters, in accordance with EPA guidance (U.S. EPA 1990). A
~ summary of the methodology and resuits from the evaluation of each PARCC parameter is "

presented below, and summarized in Appendix J.

4.6.1 Precision

Precision is a quantitative measure of the variability between duplicate samples.
Precision 1s expressed as the relative percent difference (RPD) in concentration between
duplicate pairs of field duplicates, matrix spikes (MS), and laboratory duplicates.

Although some precision data resuits are outside QC criteria. the overall usability of the
quaiified data is not compromised. The instances where data precision did not meet QC criteria
are attributable to interferents in the matrix, high concentrations of target compounds, or

relatively few data points to determine correlations and conciusions.
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4.6.2 Accuracy

Accuracy is a quantité.tive measure of the recoverability of known amounts (*spikes™) of
target compounds for each analytical method. Accuracy is reported as the percent recovery (%R)
of the known spike concentration minus the original sample result for MS, surrogate recoveries,
and laboratory control samples (LCS).

Data for five metals (antimony, beryllium, arsenic, cadmium, and cobalt) in 10 samples
were unusable (R) due to poor recoveries in one MS sample. Post spike recoveries were
acceptable, indicating a possible digestion problem in one batch of samples at the laboratory.
Discretion should be used when evaluating the site impact of these target compounds. With the
exception of the unusable metals data, the overail usability of the data is acceptable with respect
to accuracy. Other instances where data fail to meet accuracy QC criteria are considered isolated

and not indicative of overall poor method performance.

4.6.3 Representativeness

Representativeness is a qualitative evaluation of the extent to which the. analytical data
reflect actual site c-onditions. Acceptable representativeness is achieved by proper sampling and
sample management procedures. -

The overall usability of the data is acceptable with respect to representa'tivencss;
Limited qualifications were assigried to the data for calibration or preparation blank
contaminants, exceedence of serial dilution criteria, and internal standard deficiencies. In
instances where data qualifiers are applied, some discretion should be used when evaluatiﬂg

potential site impacts of the data.

4.6.4 Comparability
Comparability is a qualitative parameter that expresses the confidence with which one
data set can be compared to another. Analytical comparability is considered acccptablé for this

investigation because:

« The investigation consistently utilized the same analytical laboratory, sample
preparation routine, and analytical methods (within each phase of work);

e The analytical results for each analysis are reported with consistent detection limits
and units of measure; and

»  Soil/sediment results are reported on a dry weight basis, allowing for comparison
criteri ‘

Lasisrnan snmnmlag and with magelaram:
between samples and with regalatory criteria.
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4.6.5 Completeness

Completeness is a measure of the amount of usable data resulting from the analytical
program at the site. Analytical completeness is defined as the percentage of acceptable data
points. Only unusable data (qualified “R” durihg data validation) is excluded when assessing
compliance with the completeness goal of 90% (U.S. EPA 1990). Completeness is calculated per
analytical method, but is also evalvated by individual analyte per matrix in Table 4-4. -

For the Wilcox refinery site assessment data set, the analytical completeness for BTEX
and PAH testing is 100%. A total of 55 metals data points were determined to be unusable due
to laboratory data quality problems, resuiting in an overail acceptable completeness of 96%.
However, antimony, arsenic, beryllinm, cadmium, and cobalt in soil did not meet the
compieteness goal 6f 90% and care should be used when assessing the impact of these individual
metals at the site (Table 4-4).

One TPH in water sample was proposed but not analyzed due to low sample volume,
resulting in an overall method completeness of 98.5%. However, TPH in water did not meet the
completeness goal of 90% and care should be taken when evaluating this data set.

A summary of the quantitative data quality assessment criteria used to evaluate site data
(i.e., precision, accuracy, representativeness, and completeness) and a comparison with actual

data quality achieved for the project is presented in Appendix J.

4.7 Waste Quantity

During pianning of the sampling program for this investigation. a list of potential waste
source areas was developed based on the results of the previous ESI, and from START visual
observations during initial site visits. Then, from the analytical resuits in each source area, and
with the interpretation of source-specific soil boring logs and reasonable assumptions, the
volume of contaminated material in each source area was estimated. A summiary list of waste
sources and estimated waste quantities is presented in Table 4-5. At this time, it is estimated that
a minimurm of approximately 73.000 cubic yards of solid waste (contaminated soil, coking
cinders waste, tarry waste, etc.), and 2,960 gallons of liquid waste (tank bottom sludge, oily
liquid. and t:aroduct in existing ASTs) exists at the Wilcox site. '

The liguid waste volume referred to in the last Table 4-5 entry for the ‘Lower reaches of
Tributary |, is for a brown, degraded. oily liquid entering Tributary 1 via a buried pipeline from
the @ oroperty. During the low flow conditions observed on August 5, 1998, the volume of
flow was estimated at less than 1 gallon per minute. Historical effects from this and other
sources have visibly stained the stream bed black for at least 250 feet downstream. During this

06:000608_XJ06_04_00_00-DT1221
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dry period, no flow from Tributary | entered Sand Creek, approximately 300 feet south of the
pipeline source. Note that the source inventory may be incomplete, the estimated waste quantity
at some identified potential source areas remains unknown, and the liquid waste quantity does

not include known areas of contaminated, shallow ground water at the site.
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Tahle 4-1

ORGANIC ANALYTICAL RESULTS IN SEDIMENT AND SOIL
WILCOX REFINERY, BRISTOW, OKLAHOMA

Sample Location sSEDN SEDIZ sBo1 ﬁm 5B02- - SBO3 5B04 SBOS ~ SBo0s
Depth ¢(ft) @-1 ) 0-1 0-0.5 10-14 1-2 1.5-2 4-5 1-2 4-5
Abpalyte
Volutiles (BTEX) - mg/kg , ]
Benzene <(0.00075 <0.00074 0.017 .. <0.0021 <0.0021 <0.0021 <0.0023 6.040
Elhylbenzene <(.00088 <0001 0.25 <0.0021 <(.0021 <0.0021 <0.0023 0.84
Toluene . <0001 <0.06086 0.23 <0.0021 "<(.0021 T <0.0021 0.034 0.018
Xylene (total) . <0025 (0625 .76 <0002t <().0(.)2l ’ <0.00214 <0023 1.1
Semi-Volatiles (PAILLs) - mg/kg .
Acenaphthene <().25 <0.25 <22 . <(24 <(1.21 <0.21 <0.21 <l.i <23
Acenaphihvlenc <0.25 <025 <22 <0,24 <0,21 <021 <021 <1l <5
Anthracene <0025 <0 025 022 <0.024 - <0.021 <0021 <0021, <011 <0:25
Benzotalanthracene 0.049 0.633 <0.024 <0.021 <0.021 <0.021 . 014 o7
Berzobluoranthene <{).025 $4.095 <0.024 <0.021 . <0.021 <0.021 0,080 JK 0.25
Benzo(k)fluoranthene <0025 <(.025 <0.024 . <0021 C<0.021] <0.021 0.691 JK 0.17JK
Benzo(a)pyrene ] 0.041 . 0.041 -<0.024 Co<(G021 <0.021 <0.021 0.11 0.20 JK
Benzo{ghi)perylene <0.062 <0.062 <d.060 <0.053 <(.053 <(.053 <028 <0.62
Clll;ysene 0664 <1625 <0.024 <0.021 <0.021 <0.021 ' <0.11 © <025
Dhibenzo{a.hjanthracene <0.062 <(.062 <0.060 <0.053 <0.053 <(.053 <(.28 <0.62
Fluoranthene 0.089 <0.062 ot 0.073 <0.053 <0.053 <0053 0.35 2.5
Fluarene . <0.025 <0.025 <0.22 . <0.024 <).021 <0.021 <Q.021 ‘ <0.11 <025 -
Indeno( 2. 3-ad)pyrene <0025 <0025 +{.22 <(1.024 <0.021 <1021 <0021 <01} <025
I-Methylnaghthalene <{,25 <0.25 <22 <(.24 <G.21 <0.21 <21 <lL.i 4.6
2-Methylnaphthalene <025 <025 ekl 0.34 <021 . <02y <0.21 <l 53
Naphthalene <{).25 <().25 <22 . <(0.24 <21 <(.21 <(2.21 <i1 <25
Phenanthrene 0.048 <0025 |sipnrosmek]  cos2 <0021 <0.021 <0.021 <0.1t 1.2
Pyrenc 0.410 0.12 R 14 <0.053 <0.053 <0.053 <028 <0.62
TPH - mg/kg
C6 - C10 Hydrocarbons <31 <3l 2,600 370 <53 <33 <53 <57 700
>C10 - C28 Hydrocarbons <3l - <31 ‘1,500 120 <33 <53l <53 <57 2,600
TPH C6 - C28 Hydrocarbons <62 <62 shalA 0000 0 |G | <53 <53 <53 <57 i 340

Key at end of table.
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Table 4-1 (cont.)

ORGANIC ANALYTICAL RESUL'ES IN SEDIMENT AND S()IL

WiILCOX REFINERY, BRISTOW, OKLAHOMA

Sample Location SB05 SHo6 sBo7 SBO7D SBOS SBO!) SB10 SB11 $B12
Depth (3 14-15 1-2 A-5 4-5 - 1-2 i-2 3-4 2-3 1-2
Analyte -
Volatiles (BTEX) - mg/kg
Benzene 0.0043 <0023 <0.0023 <0.0022 <0.0022 <0.0023 <(.0022 <0.0624 <0.0023
Ethylbenzene 0.023 <0.0023 <0.0023 <0.0022 <0.0022 <0.0023 <0,0022° <0.0024 <0.0023
Toluene <(1.0024 <0.0023 <(.0023 <(.0022 <0.0022 <0.0023 - <0.0022 <0.0024 <0.0023
Xylene {total} ' 0.678 <0.0023 <(.0023 €0.0022 <0002 <0.0023 <0.0022 <0.0024 -<0.00213
Semi-Volatiles (PATs) - mgfkg , ' ,
Acenaphthene : «<l.2: <(.23 <().23 =022 o <0.22 <023 <0.22 .24 <0.23
Acenaphihylene «l.2 <23 ~023 <{).22 <0.22 o« <().22 <024 <(0.23
Anthracene, <0.12 <0.023 <0.023 <(.022 <0.022 <0.023 <0.022 <(.024 <0.023
Berzofaynthraceny ' .43 0415 K 0023 1.031 <0.022, 1.039 <(.022 072 <(0.023
Benzo(b){Tuoranthene - 0.15 JK 0.025 <0.023 0.064 <0022 0.016 JK ] <G.022. (LOBS <(.023
Benzo{k){Tuoranthene ' .12 JK <0.023 <(.023 0.117TJK <0.022 8.024 <(0.022 ’ 0.05% <0.023
Benzo(a)pyrene 0.15 0.031 - <0.023 6.07 <0.022 0.044 <0022 0.1 <0.023
Benzo(ghi)perylene <(.30 0.028 JK <0.057 <0.056 <0.054 <Q 057 <0.056- 0.03% JK <0.057.
Chrysene 013 JK 0.025 <0.023 <0.022 <0022 | 0.056 <0022 012 . <0023
Dibenzo(a,h)anthracene <030 <0.057 <0.057 . <0.056° <0.‘054 <0057 <0.056 <0059 <0.057
Fluoranthene 1.5 JK O 0.066 <0.057 <0.056 <0.034 0.061 <0.056 0.14 <0.057
Fluarene 0.12 ¢ . <0.023 <0.023 <0.022 <0.022 <0.023 <0.022 <0.024 <0.023
Indeno(1,2,3-cd)pyrene <0.12 <0023 . <0.023 <0.022" <0.022 <0.023 <0.022 0.028 <0.023
1-Methylnaphthalene : 1.8 <0.23 <0323 <0.22 <(0.22 <0.23 <22’ <0.24 <0.23
2-Methyhaphthalene ' 23 <) 23 <(123 <0.22 <(.22 <(r.23 <O,Ii <024 ) <0.13
Naphthalene <i.2 <0.23 <(.23 <0.22 <022 <0.23 <0.22 <0.24 <(123
Phenanthrene 074 0.031 : ~0.023 <(1.022 <0.022 ~ 0068 <0022 o 8042 <0.023
Pyrene .- . : <030 |- <0057 <0057 | 0084 <0054 <0.057 <0.056 012 <0.057
1TPH - mg/kg
6 - C10 Hydrocarbons 260 <57 : <57 : <56 <54 <57 <56 <59 <57
>CH) - C28 Hydrocarbons <57 . <57 f - <56 - <54 - <57 <56 - <59 <57
TPH C6 - C28 Hydrocarbons | G001 i <57 <57 <56 <54 <57 <56 <59 <57

Key at end of table.
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Table 4-1 (cont.)

ORGANIC ANALYTICAL RESULTS IN SEDIMENT AND SOIL
WILCOX REFINERY, BRISTOW, OKLAHOMA

Sample Location §B12 SBI3 + SBI3 SB13D SB14 SBi4 SB15 SB16 SB17
Depth (f1) 8-9 2 6.5-7.5 6.5-7.5 12 5-6 01 56 1-2
Analyte T
Volatiles (BTEX) - mp/kg
Benzene - <0.0023 <0.0122 <0.012 <0.01F <0011 <009 0.31 | <0022
Eti‘sylbenzcnc <0.0023 <0.0022 <0.012 0.023 <0.011 . <Q.11 0.95 1.6 JH <0.0022
Toluene <0.0023 <0.0022 <0.012 <0.011 <0011 026 . | 065 3.0 JH . <0.0022
Xylene (total) <0 0023 <0.0022 . 0.013 0091 <0011 <0.30 Y 3.5JH <0.0022
Semi-Volatiles (PAHS) - mg/kg : o :
Acenaphthene <023 <(.22 <023 © <023 <023 <0.24 . <2500 <2 . <(,22
Acenapiithylene <0.23 . <0.22 <0.23 <0.23 <023 <0.24 <2500 <12 <0.22
Anthracene <0.023 <0.022 <0.023 <0.023 - <0.023- <0024 |ipimioiin 15 <0.022
Denzotmanthracene " <0023 0.021 JK <0.023 <0023 0.10 0.012JK - [RER2 80000 30 | 00049 9K
Benso(b)luonaithene <0023 - | 0056 <0023 <0023 0.0088 JK e TS <0.022
Benzotk Muoranthine 0,023 VOIRIK 0023 <023 «0.023 Cwon2a [HERET ' 120K <0022
Benzola)pyrene <0.023 0.074 <0023 - <0.023 . <0.023 . <0.024 2.0 0.037
Benzo(ghidperylene <0.058 0.04 JK <0 058 <0.057 <0.057 <0.06 <30 <0056
Chrysene "%0.023 0.043 <0023 C<0.023 <0.023 <0.024 <12 - <0.022
Dibenzo(a,hyanthracene - <0.058 : <0,656 <(.058 <0.057 <0.057 - <0.06 - <3.0 <0.056
Fluoranthene | <ooss 0.076 - <0.058 <0.057 0.65 <006 |Gl ool 16 <0.056
Fluorene <0.023 <0.022 <0.023 <0.023 <0.023 <0024 i 35 <0.022
Indena(1,2,3-cd)pyiene <0.023 0.027 <0023 | <0023 <0.023 <0024 [ <250 <12 <0.022
1-Methylnaphthalene <023 <0.22 1 <0.23. <0.23 <023 - 0.24 17 <0.22
2-MethyInaphthalene <0.23 <0.22 <0.23 <0.23 2.3 <024 28 <0.22
Naphthalene <0.23 . <0.22 <023 <023 <023 C<0.24 <12 <0.22
Phenanthrene <(.023 0.038 <0,023 <0.023 0.092 <0.072 12 <0.067
Pyrene : <0.058 <0.056 <0.058 <0.057 <0.057 <006 36 <0.056
TPH - mp/kg :
C6 - C10 Hydrocarbons 58 <56 <58 <57 L es7 <60 8,600 350 <56
>C10 - C28 Hydrocarbons <58 <56 . <58 C <57 100 170 270,000 2,100" <56
TPH C6 - C28 Hydrocarbons <58 <56 <58 <7 P e <56

Key at end of table.
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Tabie 4-1 (cont.)

ORGANIC AE‘JALYTECAL RESULTS IN SEDIMENT AND SOIL

WILCOX REFINERY, BRISTOW, OKLAHOMA

Sample Location " §B17D SB17 - SBis ¢  SB1S SB19 SB19 ' SB20 SB21 SB22
Depth (ft) I-2 5.5-6.5 1-2 7-8 1.2 7-8 - 0-3 -3 -3
;k ) Analyte
Volatites (BFEX) - mg/kg . ,
Benzene 00022 0.13 0086 0.36 <0022 | <00023 <00054JL |  <0.0051 <0.0053
Fithylbeneene <0.0022 4.0 1.4 79 - 0.017 JH «0.0023: <6_0054 JL <0.005} <Q.0053
Toluene ‘ ] <0022 2.8 0.24 039 0.0093 JH <(.0023 - <0.0054 IL <0.0051 <0.6053
Xylene {total} <0.6022 15 0.89 - 8.9 0.061 JH <(.0023. <0.0054 JL <0.0051 -<0.0053
Semi-Yolatiles (PAHs) - mg/kg .
Accnaphthene <0.22 0.78 <0.23 <4.7.’ . <22 <0.23 <0.36 <0.34 <0.35
Acenaphthylene ) <022 <lj.23 : <0.23 <4.7 <22 <(.23 <0.36 <0.34 <0.35
Anthracenc <(0.022 <0.023 <0.023 . 0.54 . <22 . <0.023 <0.36 <0.34 <Q.35
Benzo(a)anthracene <(0.022 0.049 0.033 0.45JK 2.8 0.012JK <(.36 <0.34 <0.35
Benzo(b)fluoranthene <(.022 <0023 0.0666 JK . <0.47 0.73 JK <0.023 <0.36 <0.34 <0().315
Benzo{kaosanthene <0022 <0.023 ~0.023 C <047 . <22 «0023 < 36 <034 <0.15
Benzo(a)pyreae : <(.022 <(.023 0.026 <0.47 1.2JK <0.023 <0.36 <0.34 <(.35
Benzo{ghilperylene <0056 <0.057 <(0.057 <h2 <5.6 <0.057 <f1.36 <(.34 . <0.35
Chrysene ‘ Ty <022 <0.023 <0.023 <0.47 <22 7 <0.023 <(.36 <0.34 . <(}.35
Dibenzo(a,lanthracene <0.056 © <0057 <0.057 <l.2 . <56 <0.0.57 _ <0.36 . <0.34 : <0.35
Fluoranthene <0.056 0.11 028 | 5.4 <56 - <0.057 <0.36 . <0.34 <0.35
Fluorene <0.022 0.048 0.044 14 <22 <0.023 <(0.36 <0.34 <035
[ndeno(1,2,3-cd)pyrene <.022 <(.023 <0.023 - <0.47 <2 - . <0.023 <0.36 <0.34 <0.35
1-Methylnaphthalene ' <022 0.52 20,23 13 <22 <0.23 NA NA. " NA
2-Methylnaphthalene <022 , 0.69 0.41 16 < <023 NA NA NA
Nupfnhalene ' <0.22 059 <023 <47 . <22 . <0.23 <0.36 JK <0.34 IK <0.35IK
Phenanthrene - <0067 0074 0.18 44 <6.7 e <0:068 <0.36 <034 <0.35
Pyrcﬁe <0 056 <0.057 0.13 2.2 <5.6 <0.057 - <0.36 <034 <0.35
52 TPH - mglkp : '
g2 C6 ~ C10 Hydrocarbous <36 750 <57 550 200 <37 <54.3 <511 <528
2 SC10 - C28 Nydeocarhons <56 310 <57 440 3,400 <57 e <51 <52.8
TPH C6 - C28 Hydrocarbons <56 shBi 008k, <57 g e NR NR NR

Key at end of table.
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Table 4-1 {cont.)

ORGANIC ANALYTICAL RESULTS IN SEDIMENT AND 5011

WILCOX RE

FINERY, BRIST

OW, OKLAHOMA _

Sample Location $B23 SB24 SB2S SB26 §B27 'SB28 SB29 SB30 sB31
Depth (ft) 0-3 0-2 0-3. 0-2 0-3 0-2 0-1 0-3 g1
Analyte
Volatiles (BTEX) - mp/ky
encene <0.0051 H. . : <0.0058 1. <} UOSI JL <0.0051 JL. <0.0052 :<0.0052 L. <0.0051 <O‘.0056' <0.0059
Ethyibenzene <0.0051 JL. . <0.0058 IL. : <0.0051 JL <0.0051 JL. <0.0052 <0.0052 JL <0.0051 <0.0056 <0 0059
Toluene SN O0ST L <0058 H, c0oOsEn, <{) l')(.).ﬁl ). <(.0052 <0 G052 11, ) <0051 <0.0056 <0 0059
Xylene {totat) <0651 1. <0 0053 H. <(0O51 JIL <0.0051 JL <0.0052 <0.0052 ! <0.06051 <0.0056 <0059
Semi-Volatiles (PAlisY - mg/kg 7 .
Acenaphthene <034 <0.39 «{).34 (.34 <3.5JK <335 IK <34 IK <37JK <0 IK
Acenaphthytene <0344 <039 <(.34 <0.34 <335JK <3.5IK <34 3K P 37K . <40 JK
Anthracene <0.34 <0.39 <(.34 <0.34 <35 4.9 <3.4 <3.7 <40 .
Benzo(a)anthracene 038 .. 0.61 0.61 0.3¢ <3.5]JL <3.5]L <34IJL <3,71L <40 JL
Benzo(bifluoranthene 0.26 <0.39 0.52 0.26- . ¢ 0.50.JH 1.5JH 0.40 JH <3.7JK <4.0JK
Benzo(k Hluoranthene <{).34 <0.39 <0.34 <.0.34 <35 <351K 0.48 Ji1 <3.7JK © <4.0JK
Benzo(alpyrene 0.34 <0.39 = 0.41 0.23 0.57 JH 2.9 JH 0.75 Ji <3.7JK <40 JK
Benzo(ghilperylene 0.57 <(.3% 8.27 0.30 0.54 JH 1.1JH <34I1K <37IJK - <4.0JK
Chrysene 0.85 JH <0.39 0.81 JH 0.65 JH 1.7.JH 5.4 1.2 <3.7 0.77
Bribenzo(aManthracene <0.34 <039 <0.34 <0.34 <35JK . .53 JH <34 - =<3.7JK <4.0JK
Fluoranthene <034 <0.3% 0.85JH <0.34 0;49 JH 1.5 0.34 <37 <4.0
Flaarene <0.34 <0.39 <0.34 <0.34 <35 JK <35 K <34 <17IK <d.0 JK
Indeno( L2 3-cd)pyrene <().34 <0.39 121 <(.34 <3.5IK 0.51 JH 0.36 JH <3.7]K <4.0JK
1-Methyinaphthalene 4NA NA. NA: NA NA NA - NA NA NA
2-Methylnaphthalene NA NA NA NA NA NA NA NA NA
Naphthalene 0.18 JH <0.39 " <034JK <0.34 JK <3.5JK 0.37 JH <34 <37IK <40 JK
Phenanthrene 1.5 0.76 1.3 1.1 L7JH 4.8 1.5 <37 0.70
Pyrens 1.2 1.5 L2 0.72 1.9 JH 6.6 1.3 <3.7 0.70
TPH - mpthg -
C6 - C10 Hydrocarbons <51.1 <58.4 ‘- <50,9‘ <514 <526 <52.3 <5].2 <56.1 <594
>C10 - €28 Hydrocarbons <511 SHE <50.9 <514 <526 <523 <512 <56.1 <594
TPIFCG - 28 Hydrocarhons NR NR NK NR NR ~NR NR NR NR

Key at end of table.
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Table 4-1 (cont.)

ORGANIC ANALYTICAL RESULTS IN SEDIMENT AND 5011
WILCOX REFINERY, BRISTOW. OKI.AHOMA

Sample Location SB32 SBi2D ' SB_33_‘ SB34 SB35 SB36 SB37 - SB38 SB39
* Depth (ft) 0-1 0-1 o1 01 0-3 67 67 0-1 34

;\nalyte .

Valatiles (BTEX) - mg/kg

Benzene ) <0.0087 <0.0086 © <0.0064 <0.0064 <0.0057 <0.0051 JL <0.0054 JL <0.0060 IL <0.0060
Ethylbenzene <0.0087 <0.0086 <0.0064 014 <0.0057 <0.0051 JI, <0.0054 JL <0.0060 L. <0.0060
Toliene <0 0087 <00 0086 00064 <0.0064 . <0.0057 <000S1JL | <0054 L <0.0060 1. <0.0060
Xylene (tatal) <0.0087 <0.0086 0.082 <0.0064 <0.0057 <0.0051 JL <0.0054 IL <0.0060 JL <0.0060
Semi-Yolatites (PAHs) - mg/kg ;

Acenaphthene <058 <0.58 <0.43 23 <038 <0.37 <0.36 <0.40 <0.39
Acenaphihylene )58 <0 58 © < A3 <40 <0.38 <0.37 <0,36 <0.40 <0.39
Anthescene - <0.58 <0.58 <043 W <0.38 <0.37 <0.36 <040 <0.39
Benzo(ajanthracene : <0.58 L - <0.58 L ° 0.35 JL <4.0]L <0.38 1L <0.37 <0.36 <0.40 <0.39 1L
Benzo(h)flucranthene <058 058 0.29 270H <038IK <0.37 <0.36 <0.40 <0.39
Henzoik)tluoranthene <0.58 - | <058 <043 . <4.0JK <0.38 IK . <0.37 - <036 <0.40 <{0.39.
Henzo(a)pyrene <058 <0.58 <043 M;qn» g <038 <0.37 <036 <040 <0.39
Benzo(ghiyperylene <0.58 <058 0.24 ' ' <038 JK <0.37 <0.36 <040 © <0.39
Chrysene % <0.58 <058 | 1.0 <0.38 IK " <0.37 <0.36 <0.40 <0.39
Byibenzo(a kanthracene ) <0,58 <0.58 <0.43 <0.38 JK <0.37 <0.36 . <040 <(G.39
Fluoranthene <0.58 . <058 - <043 34 <038 . <0.37 <0.36 | <040 <(.39
Fluorenc <0,58 <058 <043 24 <0.38 <037 <0.36 <0.40 <0.39
Indeno(1.2,3-cdpyrene <0.58 <058 <0.43 1 Ji <038 JK <0.37 © <036 <0.40 <0.39
I -Methylnaphthatene NA NA S ONA NA NA “NA NA NA NA
2-Methylnaphthalene NA NA NA NA ©NA  NA NA © NA NA
Naphthalene <058 <0.58 <043 2.4 JH '<0.38 <0370K <0.36 IK <0.40 JK <0.39 IK
Phenanthrene <0.58 0.31 0.97 il <038 <037 <0.36 <0.40 <0.39
Pyrene : <0.58 029 11 |l n 0.36JH - <037 <036 <040 <039
TPH - mg/kg | _

€6 - CIO Hydrocarbons . - <873 <863 <643 <64.6 <7 <513 <536 <597 <60.0
>C10 - C28 Hydrocarbons . <87.3 <86.3 Co<571 <513 <5836 <597 - <60.0
TPH C6 - C28 Hydrocarbons NR NR NR NR NR NR NR

Key at end of table.
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‘Table 4-1 (cont.)

ORGANIC ANALYTICAL RESULTS IN SEDIMENT AND SOIL
WILCOX REFINERY, BRISTOW, OKLAHOMA

Sampte Location SB4D SB41 SB41D SB42 SB43 SB44 SB45 SB46 SB46D
Depth (Tt} 3-4 2-3 2-3 23 . 6-7 45 0-1 6-12 6-12
Analyte
Volatiles (BTEX) - mg/kg
Benzene . <0.0059 <0.0061 <{).0056 <{1.0059 <0.0054 <0.0056 © <0.0063 - <0.0059 <(.0057
Ethylbenzene <0.0059 <0,0061 <0.0056 <0.0059 <0.0054 <0.0036 <0.0063 <0.0059 <0.0057
Toluene <{).0059 <0.0061 <(.0056 <(.0059 " <0.0054 <0.0056. | = <0.0063 <0.0059 <0.0057
Xylene (total) <{).0059 <0.0061 <0.0056 <0.0059 <0.0054. <0.0056 <0.0063 <0.0059 <0.0057
Semi-Valatites (A Ns) - mgikg _
Acenaphthene <0.39 JK <041 - <0.37 <0.39 <0.36 .<0.37 <0.42 <0.39 JK <(3.38 JK
Accaapiithylens <039 JK <041 <(2.37 <(.39 <0.36 <(0.37 <(3.42 <0.39 JK <(.38 JK
Anthracene ) <039 <0.41 <0.37 <039 <0.36 <0.37 <0.42 <039 <0.38
Benzo{a)anthracene <(.39JL <0.41 JL <037 IL <0.39 L <0.36 JL <037 JL <0.42JL | <0.3%JL <0.38 1L
Benzo(h)luoranthene <039 <041 <037 <().39 <0.36 <0.37 <(.42 <0.39 <038
Benzo(kWuoranthene <039 <] «1).37 <0.39 <0.36 <().37 <0.42 ~<{).39 ()38
Benzo(a)pyrene ' <0.39 <041 <0.37 <0.39 <0.36 <0.37 <042 <0.39 <(.38
Benzo{ghiperylene <Q.39 <0.4] <0.37 <039 <{).36 <0.37 <0.42 <(.3% <0.38
Chrysene <0.39 <041 <0.37 <0.39% <0.36 <0:37 <0.42 <0.3% <0.38
Dbenzo(a,h)anthracene <0.3% <0.41 <0.37 <0.39 <0.36 <0.37 <042 <0.39 <0.38
Flueranthene <0.39 <0.4] <0.37 <0.39 <0.36 <0.37 <(0.42 <0.39 <0.38
Fluorene <(1.39 JK <041 «(.37 <{.39 <0.36 <037 <Q.42 <0.39 JK <038 IK
Indene{1,2,3-cd)pyrene <(.39 ) <041 <0.37 <0.39 <0.36 JK <0.37 <0.42 <039 <0.38
1-Methylnaphthalene NA NA NA NA NA NA NA NA NA
2-Methyinaphthalene NA NA NA NA NA NA NA NA NA
Naphthalene <0.3%9JK <0.41 IK <0.37JK <0.39 IK <0.36 <0.37 JK <0.42 <39 JK <038 JK
Phenanthrene .49 FH <(1.41 <037 <039 <0.36 <0.37 : <0.42 <0.39 : <0.38
Pyrene 0200 <04t <(.37 <{.39 | <0.36 <(.37 <(.42 <039 <{.38
TPH - mg/kg ' _ .
C6 - CHO Nydrocarbons <38.9 <6(.7 <55.7 <58.7 <542 <551 . <62.8 <58.8 <56.8
>C10 - C28 Hydrocarbons <58.9 <60.7 <55.7 <58.7 <542 <55.1 <628 <58.8 <56.8
TPH C6 ~ C28 Hydrocarbons - NR. NR NR NR NR NR NR NR NR

Key at end of table.
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Table 4-1 (cont.}

ORGANIC ANALYTICAL RESULTS IN SEDIMENT AND SOIL

Key.

Analytival results are reported i milligranss per kitogram (mg/kg)
Results in bold excecd laboratory reporting limits

BTEX - Benzene, loluene, ethylbenzene, and xylencs

I3 - Duplicate sample

[ - The bias in the estimated value is high

I - Concentration is estimated

15080 pBfADS:

Shaded results exceed ane or more exampie regulatory criteria in Table 11

3
nh)lllll(u!

06:000608 KJOG 04 00 00-DT1221

WILCOX REFINERY, BRISTOW, OKLAHOMA

K - The biuas in the estimated value is anknown
L - The bias in the estimated value is fow

NA - Not analyzed

NR - Not reported

PAls - Polyeyclic aromatic hydracarbons

SB - Soil boring sample

SED - Sediment sample

TPH - Total petroleum hydrocarbons

< - Not detected at the laboratory reporting limit
>(10-C28 - Number of carbon atoms in the range of
totaled hydrocarbon concentrations




Table 4-2

INORGANIC ANALYTICAL RESULTS [N SEDIMENT AND 5011
WILCOX REFINERY, BRISTOW, OKLAHOMA

Sampie Location SEDI1 SEDI12 SBoi SBo1L SBOZ - SB03 SB04 SBOS SBOS SBas SBos SBO7 SROTD SBO8
Depth (f1) 01 -1 0-0.5 10-11 1-2 1.5.2 45 1-2 4.5 14-15 1-2 4.5 45 1-2
Metals - mg/kg
Aluminum 1,210 JL 960 JL 727 JL 3,620 JL. 1,140 911 1,230 1,740 1,930 3,000 2,590 4,760 3,780 1,250
Antimony <7.5IK <1.2JK <6.3 JK <6.9 JK <1.0 <1.0 <1.0 <i.1 <1.2 <1.2 <l.1 <1.2 <l <1.1
Arsenic . 1.4J1 1.6 J1 1.0 JH 2800 0.99 0.68 0.97 2.4 1.1 4.0 1l 4.1 3.4 1.8
Bartum 20.2§ 22.1 191 707 . 2 7.5 7.3 PEX:) 51 89.8 133 31.9 26.9 20
Reryllivim <62 <0.60 <0.53 <0.57 <0.51 <(.52 <0.52 <{0,56 i <062 <58 <{.56 <0.58 <055 <053
Criliminm <062 K <0.60 Ik 51K 1.6 JK <0.51 =0 52 <{1.52 0.81 <0.62 1.9 0,75 1.2 1.2 0.53
Calcium 561 JK 313 Ik 2,550 JK 888 JK 167 JH 16041 169 J1 363 SH 631JH REIRIT 380 JH 745 J14 531 I 189 1
Chromium 3.7 4.0 13.6 6.7 2.4 1.7 1.1 5.3 5.4 12.2 5.8 JK 13.2 JK 1.6 JK 1.6 JK
Coball <2.5 ~2.4 2.3 5.6 24 <2.1 <2.1 23 3.6 1.7 <13 .7 1.6 <2.1
Copper 2.7 0K 1.7k T8 IK 6.3 JK 2.0 <21 <2 <23 2.5 <21 <23 3. 37 <21
Iron 3,520 JK 4,080 Ik 37,300 1K 13,000 JK 2,7%0 1,840 1,470 5,290 3,500 13,44} 5130 8,400 7,870 3,430
Lead 3.4k 16.7 JK | ..4,980 DJK 6.5 JK 1.1 083 1.1 7.0 3.7 4.9 3.0JK 6.1 JK 11.9 JK 10.5 JK
. Magnesium 311K 116 JK 246 JK 568 JK 51.8] <52.0, 77.9 185 305 285 211 378 189 110
Manganese 104 JK 142 JK 182 JK 426 JK 164 JK 49,9 JK 128JK] © 207K 26.8 JK 231 IK 112 JK 475 JK 87.1 JK 134 JK
Mercory <0.02 <0.62 0.06 =0.02 <512 <002 <0.02 <0.02 <002 <0.02 0.04 0.06 0.07 0.06
Nickel 1.6 JK <24 4.0 Jit 14.5 JH <2.0 Tt <2.1 <23 3.9 5.4 <23 2.7 <2.2 <21
Potassium 153 22 126 386 425 648 507 400 408 669 412 601 529 264
Selenium <062 <0.60 1.} 0.65 JH <1.0 <1.0] <1.0 <0.56 <1.2| . <1.2 <L <1.2 <I.1 <]l
Silver <{.2JL <1.2JL <i il Co<l L <1 { <1.0 <10 © o<l <2 <1.2 <l.i <].2 <t.1l <1.1
Sodium <62.1 68.6 JH 268 JH| 2,610 JH 121 <110 219 <110 143 81.2 <114 123 164 <108
Thallium ' N <062 <0.60 <0.53 <0.57 <0.51 <0.52 <0,52 <1.56 <0.62 <0.5% <0.56 <0.58 <0.55 <0.53
Vanadium 5.4 7.5 <2.1 11 3.9 3.1 4.9 1.6 9,7 13.8 8.2 [4.4 £32 5,9
Zine 9.8 JK 53 JK 43.3 JK 1.4 JK 3.4 1.7 1.6 1L8 6.4 12.6 5.0 JK 7.6 JK 10.2 JK 5.0 JK
pH 7.1 2.1 8 2] 6.1 55 L 6.6 6.7 6.4 66 A2 31 3.3 2.3
Key: )

Metals reported innitligrams per hidogram (mgfkg)
Resulls in bold exceed laboratory reporting limirs
Shaded results exceed 20 times RCRA TCLP critevia in Table 5-2
ph zesults in bold are <% or »9

pH teported in szandard pIT i

ki - Analvte detected in associated blank

D - Duplicate sample

H - The bias in the estimated value is high

] « Concentration is estimated

K - The bias in the estimated value is unkrown

L. - The bias in the estimated value is low

NA - Not analyzed

NR - Not reported

SH - Sasl haning siople

$ED - Sediment smnple

< - Not detected at the laboratovy eporting limig

Of: LWBGOR K doee o ik e By 1221
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Table 4-2 (cont.)

INORGANIC ANALYTICAL RESULTS IN SEDIMENT AND SOIL
WILCOX REFINERY, BRISTOW, OKLAHOMA

Sample Location SBU9 SB10 SK1) s812 SBI2 $B13 SBI13 SBI3D 5814 SB14 SB1S SE16 SB17
Depth (ft) 1-2 34 2.3 1-2 8.9 1-2 6.5-1.5 6.5.7.5 1-2 56 01 56 12

«g Metals - mg/kg
@ Aluminem 3,540 2,110 3,600 4,480 1,600 3,600 3,160 1,290 1,700 9,190 24.8 3,370 9,700
o Antimony <iif <1.1 <1.2 <1, <|.1 <1.1 <11 <1.2 <11 t.4 <12 <1.2 <l.t
i 9 Arsenic . 2.3 1.3 2.3 30 0.88 _ 45 39 14 0.95 5.4 <0.62 19 2.7
- Basium 27.4 15.1] 54,8 77 16.5 23.2 45.4 39.3 23.5 107 <1.5 213 60,5
Beryllinm <0.56 <0.53 <0.59 <0.56 <0,56 <0.54 <0.57 <0.58 <0.55 .81 <062 <0.58 <0.54
Cadmium 11 .59 .99 1.4 <0.56 1.4 1.8 1.1 0.58 2.8 <0.62 0.82 1.5
Caleium 646 JH 522 J1 798 JH 818 J11 I 585 Ji Leo i 786 I 264 A48 87,3 334 1,470
Chramiue 8.3 IK 6.5 JK B4 JK 8.6 JK 4.0 JK 1.8 JK 10.3 JK 7.5 1K 4.3 15.2 <12 6.8 1.2
Cobalt 2.2 <2.1 1.8 4.1 <23 1.6 1.3 9.4 <15 1.3 1.9
Coppes <2.2 2.2 6.4 4.5 <23 2.9 47 117 <25 39 6.t
Iron 7,820 4,270 6,770 9,530 1,870 9,930 12,700 18,100 261 5,490 10,100
Lead 5.0 JK 2.0JK 20.9 JK 4.7 JK 1.7 JK 48 JK 5.5 JK 1.4 1.5 Y26 10.3
Magnesinm 318 431 © 5B 634 337 414 763 1,510 <61 5 279 718
Misngancse 103K 440K 599K 156 JK 240 JK 25,3 IK 76.7 IK 53.0 JK 56,2 103 3.0 442 56
Mercury . ) 0.05 0.04 0.03 .05 C 008 0.04 0,05 0.0% 0.04 0.0:4 <003 0.04 0,04
Mickel . 3.2 2.2 3.3 S6f <23 3.2 ‘8.1 6.8 3.1 13.1 <25 3.5 . 55
Potassium 466 340 487 562 299 - 568 s06) . 500 4120 1,040 <123 546 1,110
Selenium <11 <11 <] <l.1 <11 <l.1 <11 <12 <1.i <12 <12 <12 <l.1
Silver <k.1 <] <1.2 <] 4 <] 0 <l <tIf <1.2 <.} <12 <1.2 <|2 <i.1
Sodiun <111 232 <7 254 - 156 . <12 <116 115 1,620 JK 4,698 JK <123 K <HS K <108 JK
Thallisun B <0.56 <0.53 <059 0,56 <056 <0.54 «(1.37 <0.58 <(.55 <060 <0 67 <(.58 0.54
Vanadium ) 1.6 7.0 12.8) 14.5 3.5 127 2.4 - 121 5.1 117 <25 10.4 20
Zinc 5.6 JK 4.7 JK 13.3 JK 8.4 JK 40 JK 9.2 JK 105JK] © B87IK . 5.8 18.7] <L.2 4.8 15.2
pH s 3.0 1.8 4.7 38 59 3.9 6.0 59 9.5 9.4 8.1 6.6] 74

Key:

Metals reported inonilligrams pes kilogram (ing/kg)
Results in hatd exceed lnboraidry reporting limits
Sladed resulty exceed 20 times RCRA TCLP eriteria i ) - B

[ B

phinesalts in bold e ~ 5 or 9
pHEvepantcd e standard pH it

B - Analyte detected in associated blank

ML AR

D - Duplicate sample
H - The bias in the estimated valug is high
1~ Concentration is estimated

K - The bias in the estimated value is unknown

aw UE}J?.‘.U\!

L - The bias in the estimated value is Jow

NA - Not analyzed

NR - Not reported

58 - Soil boring sample

SED » Sediment sample

<~ Not detected at the laboratory reparting limit o .

T 0RRtH K e 4 e e 221
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Table 4-2 (cont.)

INORGANIC ANALYTICAL RESULTS IN SEDIMENT AND S0OIL
WIHL.COX REFINERY, BRISTOW, OKLAHOMA

Sinewple Locntion SBITD SB17 sH18 ST sBio SB1Y 5820 SB21 sp2z sp23 5824 $B25 5B26
epth ity ‘ 12 5865 12 T4 12 T w3 03 -3 03 02 0-3 0-2

" Metats - mgge

Alimitm ‘ 7,840 4,010 2,550 5,300 1,570 4,110 1,770 1,260/ 4,290 1,350 1,140 1,280 3,010
Antimony <].1 <J. <11 <1.2 <1 <11 13R <0.50 R 1.00 R <{).50 R LIR <050 R <0.50 R
Arsenic 1.5 1.7] - 2.1 33 ) 1.5 0.83 2.7R 17R 22R 1.8R 27R 2R 1.7R
Barium 53.9 316 50,3 68.1 25.6 33.6 37.7 15.5 - 58.8 20.9 314 6.0 24.8
Beryllium <0.54 <0.55 <{.56 <0.58 <0.53 <0.57 0.12R 0.08 R 0.25 R 012 R 0.03 R 0.10 R 017R
Cadminm - : 0.98 1.2 0.7% 1.6 0.63 <0.57 0.14R 0.07R 0.1¢ R 0.17R 025R 044 R 0.11 R
Calcium 1,420 342 924 678 1,480 754} 594 18,400 471 619 4,190 10,700 8598
Chromivm ‘ 10.5 6.8 6.8 8.4 5.8 8.6 6.1 JK 4.1JK 6.2 JK 3.5JK 5.2 JK 4.9 JK 54 JK
Cobalt 2.4 18 2.6 5.3 23 <2.3 10R 1.0 R IR L4 R 23R 13R 1.8 R
Copper 4.9 5.3 6.3 6.1 3.5 1.5 15,7 3.6 7.9 8.4 122 1.9 49
Iron 6,400 7,90 5,000 10,300 3,750 - 2,930 4,800 JK 4,000 JK{ 5,120 IK, 4,9600K] 7,840 JK 6,140 JK 4,100 JK
Lead [ 37 24.8 10.7 14.7 1.9] i1, 960 IK. 61.6 JK 4.2 IK{ e 1BV IR L 2 R i 128 IR 7.2 JK
Mapnesivn 628] - 478 351 606 - - 550 185 327 9,910 490 300 2,140 5,890 595
Manganese 37.5 130 128 111 138 34.5 27.1 424 165 127 223 208 99
Mercury 0.03 0.04 0.1 0.05 0.1 0.05 0,39 NR <{r11 113 <013} 0,10 -0 10
Nichel A0 [N ral ! [X 4id 1.4 X .17 X 3.3 [X] 4.4 A
Potassivim 932 552 388 S04 246 SiM) 356 478 67% 339 256 342 545
Seleninm <].1 <1.1 <11 <].7 <1.1 <].] <0.49 '<0.46 048 <0.46 <0,53 <0,46 <0.46
Silver <11 <t <[.1 <12 <11 <11 <|.2B <1.4 B <0.99 B <.l B <13 B <1.5B <|.0B
Sadinm <108 JK <109 JK =113 JK <]15JK <106 JK 174 JK 67.8 9} 57 76 154 192 159
Thallivm B <0.54 <().55 < 56| <{).58 <0.53 <0.57 <p.37]° <0.26 <0.26 <0.26 <0.29 <0,25 <0 26
Vanedium 7.4 10 10} 16.2 6.6 3.8 6.6 JK 4.9 JK 9.2 JK 5.0 JK 5.7 JK 4.8 JK 6.8 JK
Zinc 10,2 8.4 16 8.2 5.6 1l 15.4JK1 14.1 JK 6.2 JK 183 JK 61.9JK| . BMBIK .3 JK
phl 7.3 © 54 7.7 6.1 74 6.3 5.9 2.7 6.2 621 71 6.9 72
Key:
Metals reported in milligrams per hitogram (my/kg) : ' N

Resufts in bold <xceed laboratory reporting limits
Skaded results oxceed 20 1imes RCRA TCLP criteria i
pH cesults in bold are <5 or »9

pH reported in standard pH units

13 - Analyte detected in assoviared blank

1) - Dupticare sample

I - The bias g the ‘I-s!‘unu!m vithie 15 high

I - Concentration is estimated

K - The bias in the estimated value is unknown

1. - The bias in the estimated value is low

MNA - Not analyred

NR - Not reported

SB - Soil boring sampls

SED - Sediment smnple

< - Nor detested al the laboratory reporting limit

BG:NNOGNE_KJ06_04_t6_t-DT1221
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Table 4.2 (cont.)

ENORGANIC ANALYTICAL RESULTS IN SEDIMENT AND SOIL
WILCOX REFINERY, BRISTOW, OKLAHOMA

Sample Location SB27 SB28 $B29 SB30 SB31 SB32 $B32D §B33 $B34 SB35 SHB36 SB37 $B38
Depth {{t) 0-3 3-1 01 -3 0-3 0-1 -1 0-1 0-1 -3 6-7 67 -1

Metals - mg/ky

Alpminun ) : 3220 IR . 3,240 JK 1,460 JK 2,350 Jk 2,190 JK 2,000 JK 1,870 JK]| 11,300 JK 3410 JK 4,180 JK 1,290 915 44.6

Antimony ! <0.51 JL 0.76 JL. 0.80 JL. <0.55 JL <0.58 JL <0.86 JL <085 JL <{.63 JL <{).63 JL <056 JL <050 R <0.51 R <0.01 R
Arsenic 2.3 3.0 1.4 1.2 0.73 8.3 1.4 4.0 3.5 1.0 1.0R 0.45 R .01 R
Barium 51.8 41.6 21.9 351 28.7 , 84.6 104} 171 - 53,0 36.7 18,9 9.4 0.28
Beryllium 021 0.28 0.1 0.19 0.15 0.12 0.14 0.7} 0.23 0,20 0.0% R 0.05 R OR
Cadmium 0.19 0.20 0,10 0.12 0.07 0.15 0.25 0.13 0.08 0.24 <0.05 R <005 R <0R
Calcinm 3,460 951 1,560, 818 321 1,370 1,630 1,110 17 6,590 211 148 3.9
Chromium 15.0 3.5 4.6]- 3.8 3.9 3.6 14.1 6.7 4.5 33 JK 1.6 JK 0.06 JK
Cobalt 3.0 1.6 2.2 1.0 3.3 3.0 5.1 3.9 1.3 1.1R 0.29 R <0.01 B R
Copper 73 45 e Y 40 38 5.8 17 8.9 1 <i.5B <0.03 B
Iron 3,920 3,180 15,300 31,500 14,600 8,990 4,260 2,330 JK|, 769 JK 31.7 JK
Lcad 772 el B 11| S g | i ity 15.3 [igsaitiose ot e s an <32BIK <28BIK|  <0.04BIK
Magnesiim 401 271 392 421 1,580 628 1,120 201 151 6.7
Manganese 176 Ji. 213 41 £57 JL. 338 3L 78.7 J1. 11 Jh. 1,160 J1, 179 ML 301 JL 87.4 JL 5.9 4.1 0.23
Mercnry <011 <0. 14 <010 <0:10 <0.10 <0.10, <0.10 <@ 10 <0.10 <0.10 <010 <0.1] <012
Nichel 4.9 3.9 1.4 14 3.2 0.94 <052 10,7 5.1 3.1 18.3 1.9 ~005
I'itanns ket - T PR 243 MK 168 I 472 IR 554 Ik 6% JK 218 IK 1K JK To4 MK 445 Fh 350 Joi) kA
Sclenium <{h47 <047 <046 <051 <(.53 <079 «{}.78 <().58 <{3.58 <0.51 <q146 <048 .01
Silver C 0.5 20,13 <012 0.20 0.35 2.3 2.0 <0.15 0.88 027 1.0 -~ <1.7B <0.01 B
Sodium ’ 142 90 kil 86.6 98.5 202 112 190 159 143 . 53.2 55.6 <0.65
Thallium B . 0.26 <(.26 =026 <0.28 <0.30 <044 <043 <0,32 <().32 <{.29 <0.26 =0.27 MR
Vanaditm 9.1 9.2 4.2 1.2 - 66 6.1 8.7 239 10.4 6.1 4.2 2.6JK1  <h1iBIK
Zine 29.6 29.6 13,7 22.3 122 1.7 8.0 12.4 14.7 T.6 4 0,75 JK 0,06 JK
oH 71 6.1 6.3 62 63 54 - 67 53 52 5.1 6.4 6.4 65

Key:

Metals reperted in milligrams per kilogram {mg/kg)

Results in bold exceed laboratery reporting limits

Shaded results exceed 20 times RCRA TCLP criteria i

pi results in Hold are <5 or >9

plt reported in standard pH uaits .

B« Analyte detected in assoctated blank

D - Duplicate sample

H - The bias in fhe estimated value is high

2 1 - Concentration is estimated
E E K - The bias in the estimated value is anknown
_;_: L. - Tle Wias i the estimated valuse is low

NA - Notanalyzed

NR - Not reported

SB- Soil boring sample

SED - Sediment sample

< - Not detected at the fzboratory reparting limit e .

06 oneGe KIng 4 _00_o0-DTi221
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Table 4-2 (cont.)

INORGANIC ANALYTICAL RESULTS IN SEDIMENT AND S011.

WILCOX REFINERY, BRISTOW, OKLAHOMA

Sample Location SB39 SB40 SB41 SB4ID Sh42 SB43 $B44 SB4S SB46 SB4sD
Depth (1) 3-4 3-4 2-3 2-3 2-3 &7 4-5 0-1 6-12 6-12

Metals - mg/kg

Aluminum 4,570 JK 3020 M 2,760 JK 1,800 JK 1,280 JK 2,410 JK 1,420 JK 2,660 JK 5,640 JK 26.4 JK|
Antimony <0.59 JL. <058 L]  <0.60 L <055t <058)L|  <os3aL]  <osa|  <os2mi  <0s8IL] <0010
Arsenic 3 5.7 1.5 1.1 4.2 1.6 0.73 2.2 3 0.01
Rarium 7.2 48.4 13.1 15.5 2.6 18.0 14.3 271 43.7 442
Beryllium 0,36 0.29 0.24 0.12 0.25 0.21 0.11 0.19 .39 NR
Cadninm <0.06 0.06 =0.06 <0.06 <0.06 0.07 <0.06 <006 3.06 MNR|
Celeimn 606 524 536 314 333 192 19% 89 463 13
Chromium L.X) 5.6 4.6 3.7 .4 34 3 4.5 7.6 0.04“
Cobalr , 32 3z 2.7 13 2.4 2.1 0.95 2 3 n.02
Copper 31 2.2 33 21 21| ) 4.1 3.8 57| <0.03 Bff
[ron 5,820 14,460 5,250 3,260 8,180 5,950 2,430 5,830 9,260 26.3“
Lead 1.6 3.1 6.6 3.8 44 12 <168 38.9| kg 42 <18 Blf
Magnesiun: 653 483 476 M 370 369 218 402 688 3.4
Manganese 60,9 JL 312 JL 40,4 JL 45,1 JL 114 JL 84.4 JL 324 JL 39.5 JL 95,7 JL 0.16 L)
Mercury <0.1 <01 <0.1 <01 <0.1 <0.1 <01 <0.1 <0.1 <0.1
WNickel 6,9 4.3 5.6 3.2 3.9 12.5 7.8 4.5 9.1 0.05
Potassium 917 JK 514 )K 501 JK $69 JK 547 JK 387 JK 311 JK 700 JK 8594 JK 5.9 JK|
Selenizm <0,54 <(.53 <) 55 <0.5 <{,53 <{} 49 <0.5 <0.57 <0.53 <0.01
Silver 0.9 0.47 0.35 0.71 0.91 013 0.5 .82 0.67 <01 B
Sodinm 61.) 6(1.9 6.1 105 129 4t 61.7 123 473 4.3
Thallinm <0.3 <0.2% <03 <0,28 <0,29 <027 <028 <031 <(.29 NR
Vanadium 13.6 10.3 8.5 55 1.3 8.4 4 1.1 162 0.05
Zinc 6,2 42 5.8 4 4 4.1 3.d B 6.7 0.04 B,
pH 5.7 53) 4.9 4.6 4.8 52 5.0 4.4 6.2 6.0

Ky

Matals reported in miliigrams per kifogram {mg/kg)
Results in bald excesd laboratory reporting limits
Shaded results exceed 20 times RCRA TCLP criteria i

pH sesults in bold are <5 or >9

pht reported in standard pH units

B « Analyte detected in associated biank

D - Dupticate sample

H - The bias in the estimated vafue is high

I+ Concentration is estimated

K - The bias in the estimated valug is unknown
L - The bias in the estimated value is low

NA - Not analyred

NR - Not teposted

B - Soil boring sample

SLED - Sedimenz sanple

<« Not detected al the Jabonory seporting limit

6 GNNGLDE_ K G 14 1 LoD 1122
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Table 4-3

ORGANIC ANALYTICAL RESULTS IN GROUND WATER
WILCOX REFINERY, BRISTOW, OKLAHOMA

Sample ID/Location GW1(SB05)|GW2(5B13)| GW3(SB15)| GW3D(SB15) | GW4(SB17) | GW5(SB18) | GW6(SB40) | GW7(SB42) | GWB(SB37)
Analyte
Volatiles (BTEX) - mg/L
Benzene <2.0 <0.05 0.049 JL 0.012 <0.05 <0.005 <0.005 <0.005
Toluene <2.0 <0.05 0.034 JL. 0.0087 <0.05 <2.0 <0.003 . <0.005 <0.005
Ethylbenzene 019 0.21 0.011 JL 0.0083 0.49 3.3 <0.005 <0.005 <0.005
Xylene (total) 0.035 <0.03 0.064 J1. 0.018 0.14 9.1 <0.005 . <0.005 <0.005
TPH - mg/L
C6 - C10 Hydrocarbons 100 140 <50 <5.0 [# Ao | ST <5.0 <5.0 NA
>C 10 - C28 Hydrocarbons 10 13 <100 5,900 <5.0 <5.0 NA
TPH C6 - C28 Hydrocarbons |y 10 13 MR 00 s | R8O (0N NR NR NA

Key:

Anatytical results are reportéd in milligras per liter

Results in bold exceed laboratory reporting limits

Shaded results exceed one or more example regulatory eriteria in Table 5-1
BTEX - Benzene, toluene, elil)‘]benzehé, and xylenes '

12 - Duplicate sample

GWISE) - Ground water sample numbér (Soil boring location)

J - Concentration is estimated

I. - The hias in the estimated value is low

NA - Not analyzed

NR - Not reported

>C10 - C28 - Number of carbon atoms in the range of totaled hydrocarbons
< - Not detected at the laboratory reporting limit '




Table 4-4
SUMMARY OF DATA COMPLETENESS
WILCOX REFINERY, BRISTOW, OKLAHOMA
Control Limits Data Assessment

Analyte >90% | TPH in water 87.5%
Antimony 4 82.5%

"Arsenic 82.5%

Beryllium : 81%

Cadmium : : o 81%

Cobalt - | 82.5%

Mercurv | 98%

Thallium o 96.5%

Analvtical Method >90% : BTEX 100%
PAHs ' o 100%:

TPH 98.5%

L Metals _‘ 9_%

Key:

'Cdmpieteness results in bold for individual analytes fai} :inalytiéal method completeness goals.

BTEX - Benzene, toluene, ethylbenzene, and xylenes.
PAHs - Polvevelic aromatic hydrocarbens.

TPH - Total petroleum hydrecarbons.

06:000608_K106_04_00_00-DTI221
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Table 4-5

SOURCE INVENTORY AND PRELIMINARY ESTIMATES OF WASTE QUANTITY

WIL.COX REFINERY, BRISTOW, OKLAHOMA

(South end of [{QJ) Property)

soil, odorfunchanged

ground water (SB14}

Estimated
Estimated Thickness Waste COCs
‘ Level of Threat Capacity/ Source Area of Contamination Volume (ESI and EPA
Source Concern/Status to Waters ‘Dimension {ft}) (t ar inches) (_yd’) START)*
Pond | Oily studge/backfilled Low 250 ft x 100 ft 25,000 | 3 ft of oily waste and . 2,780 | Pyrene, toluene,
3 cells soil - xylenes, TPH
(Avg. of SB02, 03, 04)
Pond 2 Runoff sediment from High 225ftx 150 &t 33,750 | 12 ft of soil and 15,000 | Copper, lead, TPH H
pit arca 1.of 2 cells sediment
| cell breached, 1 cell
ponded
Qily Waste Pit Qily sludge/ Medium 300 ft diameter 70,686 | 3 ft of oily waste and - 7,854 § Acetone, 2-methyl-
berm breached, ‘ E ¢} soil naphthalene,
backfilled (Avg. of SBO7, 08, 09) phenanathrene,
: xylenes, arsenic,
copper, TPH
B8 pond Stained sediment/ High 100 ft x 60 ft 6,000 | 3ftof sediment 667 | Chromium, copper,
stock watering pond : o lead
Ten Former Tank Farm “Fank bottom Medium to low 55,000 bbt ea. 12,272 each | 2 inches of semi-solid: 76 ea. | Pyrene, cyanide,
Large ASTs sludge/tank steel ' 125 ft dia, x 25 ft. TBS 760 total | manganese,
salvaged pror to 1967 selenium, silver,
zinc, TPH
BB Residence Soil Surface and subsurface | Low 200 ft x 175 ft lot 26,250 | 5 ft average depth to 4,860 | Lead, mercury, zine,
soil/fon-site residents (~25% for house ground water benzo(g,h,i)perylenc
and shed) (SB1T chrysene,
phenanthrene,
pyrene
Unvegetated Area Bare, stained surface High - 200 i x 150 ft 30,000 | 5 ft average depth to 5,556 | Copper, lead, acidity

[T SR

Key at end of table.
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Table 4-5 (Cont.)

SOURCE INVENTORY AND PRELIMINARY ESTIMATES OF WASTE QUANTITY

WILCOX REFINERY, BRISTOW, OKLAHOMA

backfilled

(2?% impacted)

Estimated
Estimated Thickness Waste COCs
Level of Threat Capacity/ Source Area of Contamination Volume (ESI or EPA
Source Concern/Status to Waters Dimension (fit%) (ft or inches) (yd)) START)*
== s —= : e e
Bl Residence Former Ponds Subsurface Medium 150 ft x 100 ft 15,000 | 8 ft to ground water 4,444 | Acetone, TPH
soil/hackiilled, on-site (house pond) {(SB13)
residents 300 1t x 100 ft 30,600 8,889
{South pond) Total 13,333
Former Pond Bare cinders w High 1254t x 100 ft 12,500 | 10t average to rock 4,630 | BTEX, TPH, lead
- Property at SBO1) surface/oily subsurlace (SBO1)
soil
Former Pumping Station Subsurface soil/ | Medium 250 ft x 200 ft 12,500 | 8 ft average depth to 3,704 | Benzene, TPH
Soil No surface sampling to |’ (fenced area) ground water (5B 18)
date [25% impacted)
Former Refinery Area Soil Surface soil/ Medium Unknown Unknown | Unknown Unknown | Suspected BTEX,
No sampling to date PAHs, metals, TPH
Large ASTs Minor TBS, Low . 3,400 bbl each 1,000 (Soil) | 8 ft to rock (SB19) plus 350 | TPH
@IB) Property) ‘Stained soil/Existing 144,000 gal plus | 2inches of TBS in 1 plus
ASTs 35 fedia X 20 ft 962 (TBS) tank 1,200 gal
Small AST Diesel/Fuel Oil/: Medium 560 bbl 10,000 (Soil) | 4 ft to ground water 1,480 | TPH
BES) rropesty) Existing AST 23,500 gal ' plus | (SB16), plus
' 20 frdia, X 101t 314 (TBS) | 9inches of TBS 1,760 gal
i Rail Tanker Mioor spills of fuel Medium 20,000 gal 100 § 3 inches of stained soil I { Fuel oil
oilfactive AST
South Central Tank Berm Area Stained soil/ Maedium 300 fi dia, 17,670 | 15 ft to ground water 9,817 | TPH
Backfilled former AST (25% impacted) (SBO5)
berm area N _ C :
BIB) 1:0k Berm Area Qily near surface Mediam 300 it dia. 17.670 | 3 ft to rock 1,963 | Benzo(a)pyrene,
' soil/berm breached, (SB11)

Key at end of table.
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. Table 4-5 (Cont.)

SOURCE INVENTORY AND PRELIMINARY ESTIMATES OF WASTE QUANTITY
WILCOX REFINERY, BRISTOW, OKLAHOMA

Estimated
' _ Estimated Thickness Waste - COGs
' Level of Threat |~ Capacity/ Source Area of Contamination Volume {ESI or EPA
[ Source : (,oncernlStatus . to Waters : Dimension _ C({ft - (ft or inches} Q’d’) START)*
oy Former o/w Separator ‘Oily soil, tarry High 33 fi x 15 ft (Soil) 500 1 1 fi to ground water 18.5 | Benzo(a)pyrene,
38 | [DEE) Property) .| waste/separator o (SB15) : PAHs, TPH
) : : breached ' - L
30 ftx 10 (L (Tar) 300 | 6 inches average of tar 5.5
_ _ Total 24
Upper reaches of Tributary | Stream bed soil/sed High 800 ft of impacted 2,400 § 1 ft soil/sed 89 | Lead, TPH
o :.lrcdm hed : (SB20 to SB2Y)
“ Lower reaches of Tributary | - Qily liguid flowing High : 250 ft of impacted | Unknown 2 ft soilfsed 167 soilfsed | PAHs, lead, TPH
: into stream stream bed (pipe from (SB33, 34) plus
unknown
property) gal/min

- Total 72,985 yd* - Solid Waste
plus
>2.960 gal _ Liguid Waste .

Key:

*Expanded Site Inspection (ESI) report (Roy F. Weston March 1997) and the U: S Enwronmental Protection Agency Superfund Technical Assistance and Rcsponse Team (START) site
sampling events (Ecology and Environment, Inc., April, June, August 1968). _

AST - Aboveground storage tank

bbl - Barrel

BTEX - Benzene, toluene, cthiylbenzene, and xylenes
COCs - Contaminants of concern

dia. - Diameter

[H - Feel

ft! < Square feet
gal - Gallons

> «  QGrealter than
min - Minuote

O/W - Oil/water
PAHs - Polycyclic aromatic hydrocarbons

3
B U0 AR

sed - Sediment

SB - Soil boring sample

TBS - Tank boitom sludge

TPH - 'Fotal petroleum hydrocarbons
yd* - - Cubic yard

(6000608 K6 _04_00_0G-1T1221
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5 | - ARARs and TBCs

The NCP Spili résponse program addresses only imminent and substantial threats to
navigable waters of the United States. Risk asse’;smcht and long-term human health or
ecological risks from documented site contamination are beyond the scope of this program.
':fhreat to navigable waters at the Wilcox refinery site is determined by compa.n'hg site chemical
data with Applicable or Relevant and Appropriaie Requirements (ARARs) and To Be
Censidered materials (TBCS)._ 7

ARARs refer to federal or state laws and environmental protection requirements that are
legally app'l-'icable to the investigation site. TBCs are non-promulgated advisories or guidance for
the protection of human health and the environment that are generally not enforceable. The
potential regulatory requirements for the site include federal environmental laws administered by
the U.S. EPA and other federal agencies. and laws administered by'the State of Oklahoma.
ARARS and TBCs are typically categorized as chemical-, location-, or action—specific criteria.
Chemical-spec_iﬁc criteria are usually health- or_risk—based values that establish the acceptable
concentration of a chemical for each medium. Location-speciﬁc requircment's are restrictions
plﬁced upon the presence of a hazardous substance or the conduct of activities based solely on
site location. Acfion-Spccific requirements are techﬁoldgy— or activity-baséd restrictions placed
on remedial actions. Only chemical-specific ARARs and TBCs are discussed below due to the
preliminary nature of this investigation.

This section presents a qualitative evaiuation of the significance of site data by
comparing numerical criteria from chemical-specific ARARs and TBCs identified for the site to

maximum detected concentrations in the media tested at the Wilcox site.
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5.1 Regulatory Criteria

To date, no ARARS have been identified for the site. The TBCs identified for_ the site
are from the Resource Conservation and Recovery Act (RCRA) hazardous waste characteristics
in the Code of Federal Regulatiops (CFR) Title 40, Part 261 (40 CFR 261); RCRA Land
Disposal Restrictions (LDRs) (4(5' CFR 268); Oklahoma Corporation Commission {OCC)
Unt}erground Storage Tank (UST) Program; and TNRCC Risk Reduction Standards (RRS) in the
Texas Administrative Code (TAC), Chapter 35, Subchapter S, Section 335. Site-specific
analytical data for ail analytes detected in site media were compared to the identified TBCs as
applicable for each medium. TBCs for organic compounds are listed in Table 5-1 and TBCs for

. inorganic analytes are in Table 5-2.
According to RCRA in 40 CFR 261, Subpart C, four characteristics can be used to
determine if a waste. is hazardous: ignitability, conosiﬁty; reactivity, and toxicity. The
characteristics most applicable for the evaluation of site data at Wilcox are toxicity for metals
data and corrosivity for pH data. Toxicity is determined by analysis for hazardous constituents in
an extract ot leachate of the v;raste using the toiicity characteristic leaching pfbcedure (TCLP)
(40 CFR 261, Subpart C, Appendix II). The coﬁcentration of detected total metals results in site
samples that can be compared to 20 times their respective TCLP criteria for an g\a_'a__iuatioﬁ of
ﬁazard. The factor of *“20 times TCLP criteria” is _base’d on the extraction methoddlogy of the
TCLP. The weight of extract fluid used is 20 times the weight of sa.mple'. Ifit is: assumed that
the metal of concern can be completely extracted 4from the was;te sample, an extremely 7
comservative assumption, the metal éonccntration in the leachate cannot be greater than one-
twentieth the metal concentration in the solid sémple. Thus, total metals data can be classified as
not of concern if it is less than the TBC factor of 20 times TCLP criteria (Table 5-2). RCRA S
- hazardous cbrroéivity criteria a}e exceeded if pH is less than 01;- equal to 2, or greater than or
equal to 12.5 (Table 5.2). ' -

: RCRA LDRs are treatment standards for fhé allowable land disposal of restricted
wastes. The listed constituent coﬁcentrations fnay ﬁﬁt be.exceeded in the waste or treatment
residuals. RCRA LDRs are considered TBCs at Wilc'c’)-x refinery for an initial eﬁaluation of.dn-
site treatment requirements (Table 5-1). The State of Oklahoma OCC UST Program has levels of
chemical constituent concentrations that confirm a release to nétive soils aﬁd/or ground water.
The OCC UST program release concer_:trations and corrective action levels are c'oﬁsidered TBCs

at Wilcox for BTEX compounds and TPH (Table 5-1).

- 24, paper
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Several TNRCC RRS:s are identified as TBCs: the soil/air and ingestion standard for
residential use (SAI-Res), the ground water protection standard for residential use (GWP-Res),
and ground water standards. '

s SAI-Res is the concentration in residential soil that is protective of human health
considering cross-media contamination of air, and human ingestion and inhalation
pathways from contaminated surface and subsurface soil; -

«  GWP-Res is the concentration in residential soil assumed protective of ground water
considering cross-media contamination of ground water from contaminated
subsurface soil; and :

+  Ground water standards are the allowable concentrations of a contaminant in ground
water for residential exposure conditions.

As required by the RRS, the Federal Primary Drinking Water Regulations, Code of
Federal Regulations (CFR) 141, Maximum Contaminant Levels (MCLs) should be used to
evaluate ground water contamination. For the constituents detected at this site, the ground water
standards are the same as the MCLs. Additionaily, as allowed by the RRSs, other criteria can be
used to evaluate constituents that may present an objectionabié characteristic (e.g., bad taste and
odor) or can make 2 natural resource unfit for use. 7

The following sections discuss the site-specific analytical data-and TBCs for 1) oily
‘waste and surface soil (Iess than 1 foot bgs) from the ESI, and 2) subsurface soil (more than 1
foot bgs), ground water, and surface water from the START field investigation. The maximum
concentrations detected at Wilcox refinery are compared to the identified chemical-specific

TBCs.

5.1.1 Oily Waste and Surface Soil

- Analyte concentrations detected in oily waste and surface soil samples collected during
the ESI (Table 2-2) were compared to RCRA LDRs or a factor of 20 times TCLP criteria;
Oklahoma UST action and cleanup levels, and the TNRCC GWP-Res and SAl-Res standards
(Tables 5-1 and 5-2). TBC values were available for six of the eight organic analytes detected
significantly above background concentrations in oily waste or surface soil. Phenanthrene,
pyrene, and TPH were detected in oily waste at concentrations exceeding one or more of their
respective TBC values (Table 2-2). No organic analytes detected in surface soil exceed any of
their respective TBC values.

TBC vaiues were available for eight of the 16 metals and cyanide detected significantly
above background concentrations in oily waste and surface soil: antimony, arsenic, barium,
beryllium. lead, mercury, selenium, and silver. Unlike metals such as magnesium and iron,
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which are essential nutrients at low levels, these eight metals can be toxic at low levels. Of the
heavy metals, antimony, arsenic, beryllium, and lead were detected in oily waste at
concentrations exceeding one or more of their respective TBC values. Lead was detected in

surface soil at concentrations exceeding one or more identified TBC values (Table 2-2).

5.1.2 Subsurface Soil o

| Analyte concentrations detected in subsurface soil samples collected by START for this
investigation were compared to RCRA LDRs, Oklahoma UST actio'n.and cleanup levels, and the
TNRCC GWP-Res and SAI-Res standards (Table 5-1).

Wastes related to the petroleum refining industry have land disposal restriction TBCs for
treatment residuals with specific constituents. RCRA LDRs exist for 11 of the 22 organic
analytes detected, including TPH. The following nine compounds exceeded R_C_RA_. LDRs for
refinery waste_:‘ ethylbenzene, toluene, xylenes, anthracene. benzé(a)anthracene,_ benzo(a)pyrene,
chrysene, phenanthrene, and pyrene. _ o '

The OCC has action and.cleanup levels for BTEX compounds and TPH in soil at UST
sites. Maximum site concentrations of all BTEX and TPH constituents at Wilcox refinery
exceed one or both OCC standards. o .

Pre-calculated GWP-Res and SAI-Res values exist for 11 of the 22 organic analytes
detected, not including TPH (Table 5-1). .Of these 11 compounds, only benzene was detected in
subsurface soil at a concentration exceeding both RRSs. Ethylbenzene, toluene, xylenes,
fluoranthene. fluorene, and pyrene were detected at concentrations exceeding their GWP.-Res
values.

RCRA TCLP criteria exist for seven of thé 21 metals detected in subsurface soil at
Wilcox refinery. Potentially hazardous concentrations exceeding 20 times TCLP criteria were
only detected for lead. For presentation purposes, exceedances of any TBC and total metals
results that exceed 20 times TCLP criteria are highlighted in Table 5-2.

Pre-calculated GWP-Res and SAI-Res standards exist for 11 of the 23 metals detected in
subsurface soil samples: antimony, arse__nic_, barium, béfyllium, cadmium, chromium, lead,
mercury, nickel, selenium, and silver (Tabie 5-2). Three of these metals (arsenic, beryllium, and
lead) were detected at concentrations exceeding both RRSs. In suramary, the contaminants in
subsurface soil include all BTEX compounds and TPH, eight PAHs (anthracene,
benzo(a)anthracene, benzo(a)pyrene, chrysene, fluoranthene, fluorene, phenanthrene, and

pyrene), and eight metals but most significanily lead.

racyeist DEper eccology ad envirsnmens
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5.1.3 Ground Water

Organic analyte concentrations detected in ground water samples were compared to
Texas RRSs, maximum concentrations in ground water for residential exposure. and soil TBCs
(Table 5-1). Texas RRSs for ground water only exist for benzene, ethylbenzene. and toluene,
and maximum site concentrations for benzene and toluene exceed these TBCs. The maximum
benzene concentration in ground water also exceeds most soil TBCs. Metals were not analyzed

in water sampies at Wilcox refinery.

5.2 Coritaminants of Concern

Based on t_heir presence at concentrations exceeding one or more identified TBCs, the

contaminants of concern (COCs) associated with various media at the Wilcox refinéry site are:

« ESIoily waste: phenanthrene, pyrene, TPH, antimony, arsenic, beryliium, and lead
(Weston 1997); | o ~ |

«  ESI surface soil: lead {(Weston 1997);

+ Sediment: none;’

*  Subsurface soil: benzene, ethylbenzene, toluene, xylenes, anthracene, benzo(a)-

* anthracene, benzo(a)pyrene, chrysene, fluoranthene, fluorene, phenanthrene, pyrene,
gasoline,; TPH, antimony, arsenic, beryllium, cadmium, chrqmium, fead, mercury,

and nickel; :

»  Ground water: benzene and toluene, and in addition TPH presents an objectionable
taste and odor making shallow ground water at the site unfit for use: and

o  Surface Water: none.

06:000608_KJ06_04_00_00-DT1221
SAR WPD-3/30/99-RA 5-5




Table 5-1

EXAMPLE REGULATORY CRITERIA
TO BE CONSIDERED MATERIALS, ORGANICS
WILCOX REFINERY, BRISTOW, OKLLAHOMA

Site Max.!
RCRA? Oklahoma UST? Oklahoma IjST“ Texas RRSs® Texas RRSs®
Soil Waler LDRs Action Level Cleanup Level 2 GWP-Res SAI-Res
| Analyte (m, (me/L) | (mg/ke) (ppm) {ppm) (mg/kg)
-Vh]a't'i]ésj'i""f‘;;? ; o T HEaLy v — T .
Benzene S E5 89 14 0.5 5 0.5 1.33
T @oesy
Ethylbenzene S 670 0.087 14 15 150 70 11,400
o 0.7y
Toluene 33 14 40 400 100 3,580
(1.0)" -
Xylenes (9.)!T 22 200 1,000 1,000 54,700
| Semi-Volafiles "
Acenaphthene 0.78 -
Acenaphthylene <2,500 -- -- - - - -
Anthracene 700 - 28 - - 1,100 59,100
Rénm(n)umlzrewcné 2;800 - 20 - - -
Benzo(b)fluoranthene 320 -- -- - - - -
Benzo(k}horanthene 580 . - - - - -
Benzo(a)pyrene - 12 -- - - -
Bearo{ght)perylene <620 - -- - - - -
Chrysene - 15 -- -- - --

Il Dibenz{ah)anthracene

" Key at end of table,
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Table 5-1 (Cont.)

EXAMPLE REGULATORY CRITERIA
TO BE CONSIDERED MATERIALS, ORGANICS
WILCOX REFINERY, BRISTOW, OKLAHOMA

Analyte

Semi-Volatiles (Cont'd)

Site Max.'
RCRAY " Oklahoma UST? Oklahoma UST* Texas RRSs* Texas RRSs®
Soil Water LDRs Action Level Cleanup Level 2 GWP-Res. SAI-Res.
(mg/kg) {(ppm) (ppm) (mg/kg) (mg/kg)

(mg/L)

I Fluoranthene -- -- -- -~ 146 11,000
|| Fluarene - - -- - 146 9.600
Indeno(1,2,3-cd)pyrene <250 e -- - - - -
1-Methylnaphthalene 17 -- e -- - - -
2-Methylnapththalene 7,000 - -- -- - - -
Naphthalene <2,500 - 42 - - 146 4,910
Phenanthrene 1:00 34 - - - -

Pyrene

Key at entd of table,
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Table 5-1 {Cont.)

Key:
Biank spaces denote no data or no standards available

Shaded and bold results exceed one or more TBCs

| - Maximum site concentration in soil and water

2 - Resource Conservation and Recovery Act {(RCRA) land dispaosal restrictions (LDRs), 40 CFR 268.43
3 - Oklahoma Corporation Commission (OCC), Underground Storage Tank (UST) Program

4 - OCC UST Cleanup Level 2

5 - Texas Risk Reduction Standard (RRS), Ground Water Protection (GWEP) Tor Residential Use

6 - Texas RRS Soil/Air and [ngestion (SAl) Stundard for Residential Use, TAC 335.568

7 - Texas RRS Ground Water (GW), maximum concentration in GW for residential exposure conditions
8 - State of Washington, Class 3 soil suitable for disposal on site

mgdkge - Milligrams per kilogram
mg/l. - Milligrams per liter
ppm - Parts per million

- TPH - Total petroleum hydrocarbons
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Table 5-2
EXAMPLE REGULATORY CRITERIA
TO BE CONSIDERED MATERIALS, INORGANICS
_ WILCOX REFINERY, BRISTOW. OKEAHOMA
Site Max.! RCRA? | | Texas RRSSA : Texas RRSs"
Seil 20x TCLP GWP-Res SAI-Res
_ Analyte __(mg/kg) {ppm) - (mg/kg) (
Metals | ‘
Aluminum 11,300
Antimony 3 0.6
Arsenic 160 5
Barium 200 19,100
Bervilium 04| 0.149
Cadmium 20 0.5 137
Calcium
Chromium 100 10 391
Cobalt 9.8
Copper 122
Iron 37,300 JK
Eead 100 1.5 500
Magnc-sium 9,910
Manganese 1,100 JL [
Mercury 039 40 0.2 82.3
Nickel 183 10 1,560
Potassium 1,820 JK
Selenium 1.1 20 3 1,370
Silver 2.3 100 18.3 1,370
Sodium 4,690 JK
Thailium 0.54 “
Vanadmm 277 "
Fine 23.8JK "
pH 231095 <2or>12° ||

Key on next page.
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Table 5-2 (Cont.}

Key:

Results that are shaded and bold exceed one or more TBCs
Blank spaces denote no data or no standards available

1 - Maximum site concentration in sml

2 - Derived criteria for solid waste from 20 times RCRA Tox:cxty Characteristic Leachmg Procedure (TCLP), 40 CFR 261.24
3 = Texas Risk Rediiction Standard (RRS), Groundwarer Protection for Residential Use, TAC 335.568

4 - Texas RRS, Soil/Air and Ingestion (SAI) Standard for Residential Use, TAC 335. 568

5 - RCRA hazardous waste criteria for corrosivity, 46 CFR 261.22

mg/kg - Milligrams per kilogram -
ppm - Parts per million
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6 -_ - Findings

The objectives of the site assessment under the NCP were to document the extent of spiil
impacts, determine threat to navigable waters of the United States, and evaluate the necessity for.
removal action. The following findings are based on site activities conducted by START in
1998, and on the evaluation of analytical data from this investiga;tipn and from the previous ESI

(Weston 1997): '

1. The Wilcox refinery site is a former oil refinery and tank farm of approximately 98
acres located to the northeast of Bristow, in Creek County, Oklahoma. The refinery
and associated tank farm dperated from the 1920s until the 1960s, when the site was
abandoned and most steel structures were salvaged and removed. The site is also
bordered to the northwest and west by former refinery and tank farm sites.

Currently, the site has four owners: (79-acre tank farm), [[BNSTIGNG
R ( 18-acre former refinery), (3.6-acre lot), and Sun Oil

Company (1.1-acre active pipeline ROW and former pumping station area).

2. The Wilcox site has a number of refinery waste source areas of concern including:
a backfilled oily waste pond (Pond 1); a breached settlement pond (Pond 2); a
backfilled “oily waste pit”; an unvegetated former pond apparently backfilled with
solid refinery waste; two backfilled ponds on the -property; ten former large
aboveground storage tank bermed areas affected by minor tank bottom siudge;
numerous areas of affected soil on the refinery area and former pumping station; and
solid and liquid tarry waste that has directly affected the lower reaches of Tribu-
cary 1. e S

3, EPA completed a Site Identification form on June 7, 1994, and ODEQ completed a
PA for the Wilcox site and the adjacent refinery and tank farm sites on
December 15, 1994. An ESI was completed by Weston for the ODEQ in March.

1997. Field work for the NCP site assessment was conducted by START from Aprii
to August 1998, '

4, ESIresults indicated high concentrations of TPH, lead, and some PAHs in oily
waste at numerous locations on site, and high concentrations of lead in the
unvegetated area soil, so these waste sources were not sampled further by START
for this NCP site assessment.
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5. Subsurface geologic conditions at the site generally consist of a thin (0 to 10 feet)
brown, silty sand layer above weathered red sandstone. Seasonal perched water is
present in thin lenses above the sandstone, but the shallowest saturated sandstone
aquifer on site is estimated at 45 to 60 feet bgs. Rainfall runoff and shallow
subsurface ground water flow follow the topography south and east or west toward
Tributaries I and 2 on site, and toward Sand Creek to the south.

6. START coliected 55 subsurface soil samples, eight ground water sampies, four
surface water samples, two sediment samples, and 12 field QC samples. Samples
were submitted for laboratory analysis of volatile BTEX compounds, semi-volatile
PAHs, TPH, metals, and pH. '

» Subsurface soil sample results confirm the presence of significant concentrations
of all BTEX compounds, eight PAH compounds including benzo(a)pyrene, seven
metals but most significantly lead, and TPH. All these contaminants of concern
appear to be related to the disposal and abandonment of refinery waste on site.

« Sediment sampling resuits and shallow substurface soil sampling results in the dry
stream bed of Tributary 1 and Pond 2 confirm the presence of elevated
concentrations of four PAH compounds including benzo(a)pyrene, as well as lead,
and TPH. Attribution of metals contamination in the Tributary 1 stream bed is
problematic due to significant upstream sources of lead contamination, However,
lead in Pond 2 sediment, and PAHs and TPH in the lower reaches of Tributary 1
are significant sources of potential surface water contaminant migration on site.

»  Ground water sampling results for organic compounds detected elevated
concentrations of BTEX compounds and TPH at several distinct locations on site.
Attempts to define plume boundaries proved unsiccessful and the potential
shallow ground water to surface water migration pathway at sample sites GW1,
GW2, GW4, and GWS, appear insignificant. The GW3 water sample was from
shallow saturated soil adjacent to Tributary i and is mdxcauve of contannnated
soil pore space water in contact with surface water.

». BTEX compounds and TPH were not detected in surface water samples. Samples
"~ were collected during dry conditions with no flow in Tributaries 1 and 2. START
. observed visible sheens on on-site runoff after a storm event in April 1998;
however, no release to surface water was recorded.

» . The laboratory data package was evaluated using standard EPA validation
- procedures. Numerous data were qualified as estimated and a total of 55 metals
data points were rejected mainly due to poor spike recoveries. Further evaluation
of data quality was performed using PARCC parameters, with the overall usability
of the data being acceptable and the analytical completeness ranging from 96% for
_ metals to 100% for BTEX and PAHs.

7. Approximately 73,000 cubic yards of oily waste and contaminated soil, and-3,000
gallons of liquid waste was identified at 18 source areas on the Wilcox refinery site.
This waste volume estimate does not inciude known areas of contaminated ground
water on site, or the quantity of oily liquid observed entering ihe iower reaches of
Tributary { from the )] property via a buried pipeline. In addition, the volume of

FASOIRN
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contaminated soil on the former refinery site and pumping station area in particular
are unknown, and can only be determined by a systematic and comprehensive drilling
and sampling program.

8. A totai of five people live on site, at the [[JJi§J] residence (two aduits), and [Ji§
residence (two adults and one chiid). Based on limited surface and subsurface soil,
and perched ground water sampling results, both residences are located on
significantly contaminated waste source areas. The [JJi§J] residence is a former
office at the main gate truck fuel loading facility and the Qi residence is built on a
backfilled refinery pond surrcunded by other waste sources. Relocation or removal
action at both residences is warranted.
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DRILLING LOG OF WeLL/BORING NO. SB-X

Page 1 of 1
Project/Location:  Wilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet 8GS): &
Boring Location: Expiloratory boring southeast of former siudge " Ground Elevation {feet above ): Unknown
Pond 1. . Inner Casfn’g Efevation (TOC): N/A
Date Started/Finished: 27 April 1998/ " Groundwater Depth (fest BGS):
Drilling Contractor: Ecology & Environment, inc. " FirstEncountered: 7. 99 Final: Yy

Drill Method: = GeoProbe - Direct Push

Geologist: - Paul D. James, P.G.

ELEVATION
DEPTH (feat)

Refusal at 6-feet bgs. End of
Boring.

§ Monitoring welt was
g not instalied at this
v o ¢ | boring location.
»n8=
SE8
SaE
© u.;_:; . R ground surface (gs)
Hydrated B il{, 0.4 SP - Uniformiy brown silty No analytical sampies were collected
_iBentonite Seal. m——— fine-medium SAND, subangular, at this exploratory boring.
ol [ moderate sorting, clast supported
] . (feldspar, quartz, and trace rock
s fragments), wet.
| Noted trace rootlets throughout.
o SW - Mottled orangé-red-brown !
2] LT fine-medium SAND with trace fines, 4.0
-2 subanguiar, well sorted, clast '
4 q | supported (feldspar & quartz),
hON moist. ' :
3+ . Noted trace natural organic staining
- at 2-feet bgs.
i .I .
£ — ::'
R
5 el 20
1 o
6 aLae.e ": 6.0

Due to 4-inches of rainfall on 26 April
1998, ground surface was saturated
with water.

ecology and environment, inc.

WELL_LOG WILCOX.GPJ 7-6-88




DRILLING LOG OF Ww.LL/BORING NO. SB-01 Page 1 of 1
Project/ocation:  Wilcox Refinery / Bristow, Oklahoma ‘ Total Depth of ‘Hole (feetBGS): 1

Boring Location: Boring located on [N property, west offjfil]l ~ Ground Elevation (feet above ): Unknown

Pond. " Inner Casing Elevation (TOC): N/A

Date Started/Finished: 27 April 1998/ Groundwater Depth (feet BGS):

Drilling Contractor: Ecology & Environment, Inc. First Encountered: ¥ 00  Fina: ¥ __

Drill Method:

GeoProbe - Direct Push

G.eologist: Paul D. James, P.G.

- SOIL/ROCK
‘DESCRIPTION

Ground Surface

Elevation
Unknown

Monitoring weli was
not installed at this
boring location.

ground surface {gs)

Hydrated

Bentonite Seal

.Iq

4.0

SP - Mottled to variabie orange- -
brown-black fine to medium SAND
with trace fines, subangular, well
sorted, clast supported (feldspar &
quariz), wet.

Noted black staining with.strong _
petroleum ador throughout.

4.0

7.0

SP - Varably brown-red grading to
red, fine-medium SAND with trace

fines, subangular, well sorted, clast
supported (feldspar & quartz), wet.

Noted black staining with strong
petroieum odor throughout.

3.0

10.0

SP - Variabiy brown-red-orange-
black, fine-medium SAND with
trace fines, subangular, well sorted,
clast supported (feldspar & quartz),
wet. Observed trace clay lenses
throughout. : R

Tos

11.0

“3.Y Noted black staining with strong
\\getmieum odor throughout, fr

CH - Mottled light gray-red silty

CLAY, high piasticity, firn cohesive r

sirength, matrix supported, sharp

upper contact, dry.

Noted slight odor, no staining
bserved.

No recovery.

Refusal at 11-feet bgs. End of

Beoring.

3.2

Collected Sample SB01-06
(0-0.5 feet bgs).

Collected Sample SB01-1011
{10-11 feet bgs).

Bue to 4-inches of rainfall on 26 April
1988, ground surface was saturated
with water. Petroleum sheen on watei
was noted in the vicinity of the boring.
PIDYFID readings were unreliable due
to faulty equipment.

nvironment, inc.
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Date Started/Finished: 01 June 1998/
Drilling Contractor: Ecology & Environment, Inc.

Drill Method: GeoProbe - Direct Push

inner Casing Elevation (TOC): N/A

DRILLING LOG OF w.=LL/BORING NO. $B-02 Page 1 of 1
Project/Location;  YVilcox Refinery / Bristow, Gklahoma Total Depth of Hole (feet BGS): 2.1
Boring Location: Southeast of Pond 1. Ground Elevation (feet above ): Unknown

Groundwater Depth (feet BGS).
First Encountered: ¢ NA_ Fipak ¥ ____

Geologist: Paul D. James, P.G.

ELEVATION -
DEPTH (feet)

Refusal at 2.1 feet. End of boring.

§ Monitoring weli was
b not instatied at this
@ ¢ ¢ | boring location.
o8 2
€88
S3E _
ST . . ground surface (gs)
Hydrated i) SM - Uniformly brown SILTY
Benfonite Seal 11 SAND, subanguiar, moderately
’ AEE sorted, matrix supported (feldspar
] & quartz), moist.
0.9 . - -
SP - Mottled orange-red SAND with
] trace fines, subangular. well sorted, 2.1 Collected Sample SB02-12 (1-2 feet
clast supported (feldspar), moist. bgs).
27 o 2.1

ecology and environment, inc.
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Page 1 of 1

DRILLING LOG OF W.LL/BORING NO. SB-03

Project/Location:  YVilcox Refinery / Bristow, Oklahoma

Boring Location: South of Pond 1.

! Date Started/Finished: 01 June 1998/

Drill Method: GeoProbe - Direct Push

Drilling Contractor: Ecology & Environment, Inc.

Total Depth of Hole (feet BGS): 1.5
Ground Elevation (feet above ):
Inner Casing Elevation (TOC): N/A
Groundwétér Depth (fest BGS)

Unkniown

- First Encountered: ¢ NA_ Final: v
Geologist: Paul D. James, P.G.

ELEVATION .

RECOVERY (fest)

Monitoring well was
not installed at this
bering location.

Gmung’ Surface

Elavafion
Unknown

ground surface (gs)

Hydrated

Bentonite Seal

06

SM - Uniformiy brown SILTY"
SAND, fine, subangular,
moderately sorted, matrix
supported (quartz & organics), dry.

1.5

SP - Mottled nrange-red SAND with
race fines, ¢ ibanguiar, well sorted,

clast supported (feldspar & quartz),

moist. .

1.5

Refusal at 1.5 feet. End of boring.

Collected Sampie SB03-01015 (1-1.5
feet bgs).

ecology and environment, inc.
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'DRILLING LOG OF WeLL/BORING NO. SB-04

_F’ége‘loﬂ

Project/Location:  Wilcox Refinery / Bristow, Oklahoma

Boring Location: Southwest of Pond 1.

Total Depth of Hole (feet BGS): 5
Ground Elevation (feet above ): Unknown

inner Casing Elevation (TOC):  NA
Groundwater Depth (feet BGS):

First Encountered: ¥ NA_  Final: ¥
Geologist: Paul D. James, P.G.

Date Started/Finished: O1June 1998/
Drilling Contractor: E¢ology & Environment, Inc.

Drill Method: Ge€oProbe - Direct Push

DEPTH (feet)

Monitoring weil was
not installed at this
boring iocation.

Ground Surface

Efevation
Linknown

ground surface (gs)
SM - Uniformly brown SILTY
SAND, fine, angular, moderately
sorted, matrix supported (quartz &
4] ! 5 organics), dry. o

Hydrated
Benfonite Seal

Il
s

oAl 1.8 . . i .

2 e SP - Mottled orange-red SAND with 40 0
’ e trace fines, fine to medium,

4 ' subangular, well sorted, matrix

supported (feldspar & quartz},

3 } moist. ' 0

4.0

SP - Mottled orange-red, fine to Collected Sampie SB04-0405 (4.0 -
medium SAND with 20% fines, 10 0.4 (50 feetbgs).

subanguiar, well sorted, matrix -

5 141 50 supponted (feldspar & quartz), f

L
AL

moist.

Noted trace pefroleum staining with
light petroleum odor at 4-feet bgs.

f— Refusal at 5.0 feet. End of boring.

ecology and environment, inc. WELL 106 WILCOXGPS 7650




Drill Method:

GeoProbe - Direct Push

DRILLING LOG OF WwLL/BORING NO. SB-05 Page 1 of 1
Project/Location:  YVilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 20
Boring Location: Southeast end of property. Ground Elevation (feet above ); Unknown
[nnér Casing Elevatidn (TOC): N/A
‘Date Started/Finished: 01 June 1998/ Groundwater Depth (feet BGS):
Drilling Contractor: Ecology & Environment, Inc. First Encountered: ¥ 195 Finall ¥ ___

Geologist:  Paul D. James, P.G.

Monﬁoﬁng well was
not installed at this
boring location.

Ground Surface | ELEVATION

Elevation
Unknown

ground surface (gs)

Hydrated |
1| Bentonite Seal

SM - Uniformiy brown SILTY
SAND, fine, subangular,
moderately soried, matrix ~
supported, moist. '
o Noted trace black oil-like product

—\throughout. V2
4.0 No recovery.

3.0

40

Collected Sampie SB05-0102 {1.0 -
2.0 feet bgs).

OURANIARAN

SW/SM - Uniformly gray-brown
SILTY/CLAYEY SAND, fine,
subangular, weli sorted, low
plasticity, firm cohesive strength,
matrix supported, moist. Upper
contact - gradationali.

8.0 Noted slight staining throughout

\with petroleum odor.
MLS - Motiled orange gray SANDY
SILT with some CLAY (~25%), low
plasticity, soft cohesive strength,
moist. '
Noted strong petroleum odor
12.0_throughout.

4.0

20

Collected Sample $SB05-0405 (4.0 -
5.0 feet bgs).

4.0

MLS - Mottled orange gray fine
SANDY SILT with some CLAY
(~25%), iow plasticity, soft cohesive
strength, moist grading wet. First
15.0 Wwater encountered at 15.5 feet bgs.

]

' Noted sheen in water with slight 7]
116.0 \petroleum odor throughout. .

\No recovery. v
MLS - Mottted orange gray fine
SANDY SILT with some CLAY

18.0

: (~25%), low plasticity, soft cohesive
strength, saturated.
Noted sheen and strong petroleum
20.0 ‘odor throughout.

\No recovery. Va
End of boring at 20 feet bgs.

3.0

Collected Sample 5B05-1415 (14 - 15
feet bgs).

2.0] -

300

ecoiogy and e

nvironment, inc.
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' DRILLING LOG OF W .-LL/BORING NO. SB-06

Page 1 of 1

|
h
!
|
]
1
i
i

Project/Location;:  YVilcox Refinery / Bristow, Oklahoma

Bbfing Location: South-ceniral tank berm area.

Date Started/Finished: 92 June 1998/

| Drill Method: GeoProbe - Direct Push

Drilling Contractor: 'Ecology & Environment, inc.

Total Depth of Hale {feet BGS):
Ground Elevation (feet above ):
inner Casing Elevation (TOC):

Groundwater Depth {feet BGS):

2.2

Unknown

First Encountered: % E&
Paul D. James, P.G.

Geologist:

“N/A

Final: ¥

ELEVATION

DEPTH (feety

S ENPLEINTERVE

'RECOVERY (feet) .-

LEL (%)

PO
L [FID):
ppm).

Ground Surface
Elevation
_Unknown

Monitoring well was
not instailed at this
boring location.

ground surface (gs)

2—

3=

Hydrated
Bentonite Seal

2.0

ML - Uniformly brown-red, fine
SANDY SILT, medium plasticity,
loose cohesive strength, matrix
supporied, moist.

SP - Mottled orange-red SAND with

ast supported (feldspar & quariz),

oist. :
Refusal at 2.2 feet bgs. Noted
weathered arkosic sandstone in
foot of macro-sampler. End of
boring..

\:;ace fines, subangular, weli sorted,
cl

22

2.0 feet bgs).

Collected Sampie SB06-0102 (1.0 -

ecology and envircnment, inc.
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Page 1

of 1

DRILLING LOG OF W..LL/BORING NO. SB-07

Project/Location: Wilcox Refinery / Bristow, Oklahoma

Boring Location: = YVest of oily waste ‘Pit’

Date Started/Finished: 02.June 1998/
Drilling Contractor; Ecology & Enviranment, Inc.

Drill Method:  GeoProbe - Direct Push

Total Depth of Hole {feet BGS): 5

Ground E_Ievation (feet above ): Unknown

Inner Casing Elevation (TOC): N/A
Groundwater Depth (feet BGS):

First Encountered: ¥ NA  Final: Yy

Geologist: Paul D. James, P.G.

ELEVATION

Manitoring weil was
not installed at this
boring iocation.

Ground Surface

Elavation
Unknown

ground surface (gs)

. Hydrated 13t SM - Uniformly brown SILTY
1 Bentonite Seal I SAND, fine, subanguiar,

RRE moderately soried, matrix
supported, moist.

3.0

4.0} 0

4.0 moist. Upper contact - sharp.

7] o SP - Mottled orange-red SAND with
trace fines, subangular, weil sorted,
clast supported (feldspar & quartz),

—

- SC - Mottled orange-gray-brown
CLAYEY fine SAND, subanguiar,
moderately sorted, medium

5.0 plasticity, soft cohesive strength,

duplicate SBO7D-0405 (4.0 - 5

1.0 0 bgs).

5
\clast supported, moist.
- : Refusal at 5.0 feet bgs. End of
boring.
6_
7 =~
§—

[

Collected Sample SB07-0405 and

i t

ecology and environment, inc.
ed per
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DRILLING LOG OF W..L/BORING NO. SB-08 ' Page 1 of 1

Project/Location; Wilcox Refinery / Br-is.tow, Oklahoma Total Depth of Hole (feet BGS): o
Boring Location: Southwest of oily waste 'Pit'. _ Ground Elevation (feet aﬁove ) Unknown |

inner Casing Elevation (TOC): N/A- :
Date Started/Finished: 02 June 1998/ Groundwater Depth (foet BGS):
Drifling Contractor: Ecology & Environment, Inc, First Encountered: ¢ NA_ - Finai ¥ |
Drill Method: GQQPI‘Obe - Direct Push Geologist: Paul D. James, P.G. ] i.

_GOMPLETION' - |9

Monitoring well was
not installed at this
boring iocation.

Ground Surface

Elevation
Unknown

) ground surface (gs) - i
Hydrated s SP - Mottled orange-brown SAND
Bentonite Seal - with trace fines, subangular, well
e - sorted, clast supported (feldspar &
quartz), dry grading to moist.

7 20 9 |coliected Sample SB08-0102 (1.0 -
2.0 feet bgs).
o] Satalialalal 2.0 i
Refusai at 2.0 feet bgs. End of
boring.
31
4—

ecology and environment, inc.
) WELL_LOG WILCOX.GPJ 7598




DRILLING LOG OF W .-LL/BORING NO. SB-09

Page 1 of 1

Project/Location:  YVilcox Refinery / Bristow. Oklahoma

Date Started/Finished: 02 June 1998/
Ecology & Environment, Inc.

Driliing Contractor:

Total Depth of Hole (feet BGS): 2.2
Ground Elevation (feet above ): Unknown
tnner Casing Elevation (TOC): N/A
Groundwater Depth (feet BGS):

First Encountered: ¢ NA_ Fipa: ¥
Geologist: Paul D. James, P.G.

Drill Methog:  GeoProbe - Direct Push

DEPTH (feef)

Monitoring well was
not installed at this
boring location.

Ground Surface

Elsvation
Unknown

ground surface (gs)

Hydrated e
Bentonite Seal

supported, moist.

2.9

SM - Mottled brown-orange SILTY" '
SAND, fine, subangular,
moderately sorted, matrix. -

Noted hard black asphalt materiai
adjacent to boring focation.

22 o iCollected Sample SB09-0102 (1.0 -
2.0 feet bgs).

WR - Uniformiy red-brown

boring.

3

22 weathered arkosic SANDSTONE, _A ‘ ;
Refusal at 2.2 feet bgs. End of

ecology and environment, inc.
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DRILLING LOG OF W _LL/BORING NO. SB-10 Page 1 of 1
Project/Location:  Wilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): ~ 43
Boring Location:  Yvest of [N residence. Ground Elevation (feet above ): Unknown
inner Césing Elevation (TOC): - N/A
Date Started/Finished: 02 June 1998/ Groundwater Depth (feet BGS): '
Drilling Contractor; Ecclogy & Environment, Inc. FirstEncountered: ¢ MA_ Finat v

Orill Method:  GeoProbe - Direct Push

Paul D. James, P.G.

Geologist:

1 COMPLETION.

ELEVATION
DEPTH (feat)

moderately sorted, matrix

“supported, moist.

4.0 0
Collected Sampie SB10-0304 (3.0 -
4.0 feet bgs).
4.0
= WR - Uniformiy red weathered 03 0
%8 1] 43 arkosic SANDSTONE. .
Refusal at 4.3 feet bgs. End of
boring.

:

':’, Menitoring well was !
5 not installed at this i
g 5 £ boring ltocation. |
558 |
Pag i
Qu= ground surface (gs) :
Hydrated SM - Uniformiy brown SILTY g

Bentonite Seal SAND, fine, subangular, i

ecology and environment, inc.
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DRILLING LOG OF WL:LL/BORING NO. SB-11 Page 1 of 1
Project/Location:  YVilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 3
Boring Location:  ~120-ft. north of [ residence. Ground Elevation (feet above ): Unknown
tnner Casing Elevation (TOC): N/A
Date Started/Finished: 02 June 1998/ Groundwater Depth (feet BGS):
| Drilling Contractor: Ecology & Environment, Inc. First Encountered: v~ NA . pina v
| Drill Method: GeoProbe - Direct Pust: Geologist: Paul D. James, P.G. '

Ground Surface TE

Elevation
Unknown

Monitoring wei was
not installed at this
boring location.

ground surface (gs)

33—

Hydrated

Bentonite Seal

SM - Uniformiy brown SILTY
SAND, fine, subangutar,
moderately sorted, matrix-
supported, mojst.

3.0

Collected Sample SB11-0203 (2.0 -
3.0 feet bgs). {

i

2.8

SW - Uniformiy tan, fine to medium

el 30

+

subanguiar, weli sorted. matrix
supported, moist. Upper ¢contact -
harp. '
Refusal at 3.0 feet bgs. End of
boring. ’

SAND with trace fine GRAVEL, /-

¥

?aéu-;i SIVIrOn WEDE_EOG WILCOX.GRJ 7-6-93
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DRILLING LOG OF W..L/BORING NO. SB-12 - Page 1 of 1

Project/Location: ~Wilcox Refinery / Bristow, Oklahoma .. Total Depth of Hole (feet BGS): 9
Boring Location: ~Southwest corner of Site. Ground Elevation (feet above ): Unknown

Inner Casing Elevation (TOC): - N/A

Date Started/Finished: 02 June 1998/ : Groundwater Depth (feet BGS):
Drilling Contractor:  Ecology & Environment, Inc. _ FirstEncountered: ¥ 89 pinal; 'y
Driil Method: - GeoProbe - Direct Push - Geologist: PaulD. James, P.G.
]
= Monitoring well was
g not installed at this
g _5 g boring location.
58 ¢
s
Owo . ground surface (gs)
Hydrated << ISR MLS - Uniformiy brown-red SANDY
| Bentonite Seal SILT with trace CLAY (~10%),
_ i medium plasticity, soft cohesive 0
1 ' SERA strength, moist.
1 Cellected Sampie SB12-0102 (1.0 -
3 2.0 feet bgs).
7 i _ _ _ 300 | o
3] 38
No recovery.
o 4.0
- SP - Mottled gray-orange-tan, fing
4 SAND with trace fines, subanguiar,
well sorted, clast supported ., moist :
5 - grading to wet. 0
6 . 4.0
7 ) 0
- e Collected Sample SB12-0809 (8.0 -
| :, 10 o |9.0feetbgs).
o A I T
Refusal at 9.0 feet bgs. End of
F Boring.
10 |

ecology and environment, inc.
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DRILLING LOG OF W._LL/BORING NO. SB-13 Page 1 of 1

Project/Location: Wilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 10
Boring Location: Former pond, South of Lee's residence. Ground Elevation (feet above ): Unknown

Inner Casing Elevation (TQC): N/A

Date Started/Finished: 02 June 1998/ Groundwater Depth (feet BGS):
Drilling Contractor: Ecology & Environment, Inc. First Encountered: ¥ 8.0 Final: ¥ ___
Drill Method: GeoProbe - Direct Push Geologist: Paui D. Jameé. P.G.

GRAPHIGLOG

§ Monitoring well was :
5 not instatled at this o _ ;
2 ‘5 g boring location. : . _ ) : !
£§8 - L
PanE
WS ] ground surface (gs) ) i
- -Hydrated SP - Mottied brown-red SAND with - _ : !
1 Bentonite Seal : trace fines, subanguiar, well sorted, ’ !
i - clast supported, moist. - ' Collected Sample SB13-0102 (1.0
1 _ : o 2.0 feet bgs). !
PO BT : 3.3 0 i
¥ -1 33 |
N No recovery. i
o] 4.0 i i
: SP - Mottled crange-brown SAND .
i i with trace fines, subanguiar, well - ;
5 . sorted, clast supported. moist. 0
i _ Noted slight petroleum odor. '
5 a ) , - 35 0 '
— - 6'5 .
i SM - Uniformiy brown SILTY fine Collected Sampie SB13-6575 (f
. | 75 SAND with trace CLAY (~5%), | 50 |7.5feet bgs).
- a8 = subangular, moderately sorted, : :
5 il 8.0 | matrix supported, moist grading to
| wel. -
0. t : Noted strong petroleum odor
9 Sh hroughout. 2.0 60
N L No recovery.
o] . 111 10.0 SM ~ Uniformly brown SILTY fine
SAND with trace CLAY (~5%), [
7 subanguiar, moderately sorted,
11— atrix supported, saturated.

End of boring at 10.0 feet bgs.

Erironment, inc.
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Page 1 of 1

; Project/Location:  Wilcox Refinery / Bristow, Oklahoma

| DRILLING LOG OF W._.L/BORING NO. SB-14

Boring Location:  Seuth of White's unvegetated area.

Date Started/Finished: 03 June 1998/

- Drilling Contractor: ~ Ecology & Environment, Inc.

Total Depth of Hole (feet BG§):
Ground Elevation (feet above ):
Inner Casing Elevation (TOC):
Groundwater Depth (feet BGS):

11

Unknown

N/A

First Encountered: v 45 Finabk ¥ ___

Geologist: Paul D. James, P.G.

Orill Method: = GeoPrabe - Direct Push

ELEVATION

DEPTH (feet)

N
“ViFop
Lopm) |-

Ground Surface

Elevation

Unknown

Monitoring well was
not installed at this
boring location.

ground surface (gs}

Hydrated

Bentonite Seal

SM - Uniformly brown SILTY fine
SAND, subanguiar, moderately
sorted, matrix supported, dry.
Noted anaerobic decay odor.

No recovery.

35

{3

SC - Mottled brown-red CLAYEY
SAND grading to CLAY, moderate
sorting, matrix supported, moist
with wet zone at 4.5 feet bgs.
Noted strong anaerobic decay
odor.

4.0

20

CH - Mottled orange-tan CLAY with
trace SILT and fine SAND, high
plasticity, firm cohesive strength,
moist. :

Noted slight anaerobic decay odor.

3.0

End of boring at 11 feet bgs'.

Coilected Sample SB14-0102 (1.0 -
2.0 feet bgs).

Collected Sample SB14-0506 (5.0 -
6.0 feet bgs).

ecology and environment, inc.
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Page 1 of 1

DRILLING LOG OF W .LL/BORING NO. SB-15
Project/Location:  Wilcox Refinery / Bristow, Okiahoma Total Depth of Hole (feet BGS); 3.1
Boring Location: ~450-ft. south of White's residence. Ground Elevation (feet above ): Unknown
. ‘ inner Casing Elevation (TOC): N/A
Date Started/Finished: 93 June 1998/ Groundwater Depth (feet BGS):
Drilling Contractor: Ecology & Environment, Inc. First Encountered: z. 19  Finak v ___

GeoProbe - Direct Push

Geologist: Paul D. James, P.G.

Drill Method:

SAMPLEINTERVA

Collected Sample SB15-0001 (0.0 -

§ Monitoring weli was
€ not installed at this
@ = & § boring location.
R
S8 8
foE
Ows ground surface (gs) .
- Hydrated FiLL - Uniformly black CINDER or
Bentonite Seal ASH with SANDY GRAVEL texture,
" pootly sorted, clast supported,
i moist grading to wet at 1 foot bgs.
Noted slight petroleum odor.
14 hvi

3.1

31

1.0-feet bgs).

40

Refusal at 3.1 feet bgs. £nd of
boring. Noted weathered sandstone
in foot of macro-sampler.

ecology and environment, inc.

-!'oiugy and en\‘ir()nml-_LOG WILCOX.GPJ 7-6-98
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Drill Method; GeoProbe - Direct Push

Geologist:

DRILLING LOG OF Vv.LL/BORING NO. SB-18 Page 1 of 1
. Project/Location;  Wilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 6.5
Boring Location;  Northwest of White's small AST. Ground Elevation (feet above ): Unknown
Inner Casing Elevation (TOC): N/A
Date Started/Finished: 03 June 1998/ Groundwater Depth (feet BGS):
Drilling Contractor: Ecofogy & Environment. Inc. First Encountered: ¥ 40 Fina: v __

Paul D. James, P.G.

DEPTH (feet)

Ground Surface

Elevation
Unknown

Menitering well was
not instatled at this
boring location.

__ground surface (gs}

Hydrated

Bentonite Seaf

SILT with trace orgaric matter

(~5%), low piasticity, loose

1.1 cohesive strength, moist.

~\ Noted frace piant matter

throughout.

MLS - Uniformily brown fine SANDY .

;

medium SAND with trace fines,

subangular, well sorted, clast

supported, moist. Upper contact -

2.8 sharp.

feet bgs.

SP - Mottled brown-orange, fine to

Noted slight petroleum odor at 2.8 .

28

No recovery.

4.0

.!q

SM - Uniformly brown with black

staining noted throughout, SILTY

subangular, moderately sorted,

. matrix supported, wet,

Noted petroleum odor.

6.1

fine SAND with trace CLAY (~5%),

25

SAND with trace SILT and
GRAVEL, anguiar to subangular,
poorly sorted, clast supported,
slight cementation, moist. Upper
ntact ~ sha

65 SP - Uniformly white, fine fo coarse

20

Refusal at 6.5 feet bgs. End of

in foot of macro-sampler.

beoring. Noted weathered sandstone

Collected Sampie SB16-0506 (5.0 -
6.0 feet bgs).

-ecology and environment, inc.

WELL_LOG WILCOX.GPJ 7-6.98 |




Drili Method:

Geoi”robe - Direct Push

Geologist: ~Paul D. James, P.G.

DRILLING LOG OF W:LL/BORING NO. SB-17 Page 1 of 1
Project/Location:  Wilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS):. ~ 11.5
Boring Location:  vVest of White's residence. Ground Elevation (feet above ): Unknown
inner Casing Elevation (TOC):  N/A
Date Started/Finished: 03 June 1998/ Groundwater Depth (feet BGS):
Drilling Contractor: Ecology & Environment, inc. First Encountered: 7 63  Finar Y

COMPLETION

ELEVATION. .-
DEPTH (fest)

Monitoring well was
not installed af this
boring location.

Ground Surface

Elevation
Unknown

ground surface (gs)

Hydrated

7 Bentonite Seal

4.0

SM - Uniformiy light brown, SILTY
SAND, subanautar, weil sorted,
clast supro2a (feldspar & quartz),
dry.

4.0 1 |bgs).

5.8

SP - Mattled brown-red fine SAND
with trace fines, subangular, well
sorted, clast supported, moist.
Noted sfight petroleum odor.

10

SM - Stained black fine SILTY 4.0 180 |g.5 feet bgs).

-

8.0

SAND, subanguiar, moderately
sorted, moist. Upper contact -
sharp. '

Noted strong petroieum odor
hroughout.

100

SP - Mottled brown-red fine SAND
with trace fines, subanguiar, well
soried, clast supporied, wet.
SM - Mottled brown-orange SILTY
SAND, subangular, moderately
sorted, wet. Upper contact -
gradational. -

35

tnd of boring at 11.5 feet bgs.

Collected Sample SB17-0102 and
dupiicate SB17D-0102 (1.0 - 2.0 feet

Collected Sample SB17-5565 (5.5 -

ecology a

BT
kD
9’0:

i,
&

=k

vironment, inc.

TMELL
£l

LOG WILCDX GPJ 7-8-88




DRILLING LOG OF WeLL/BORING NO. SB-18

Page 1 of 1
Project/.ocation:  Wilcox Refinery / Bristow, Oklahoma Totaf Depth of Hole (feet BGS):  13.5
Boring Location:  West of pumping station fence. Ground Elevation (feet above ): Unknown

Date Started/Finished: 03 June 1998/
Drilling Contractor:  Ecology & Environment, inc.

Drill Method: GeoProbe - Direct Push ' Geologist:

First Encountered: v 8.0 - Final: ¥
Paul.D. James, P G,

Inner Casing Elevation (TOC): N/A:

Groun_dwater Depth (feet BGS):

WELL
- COMPLETION

DIAGRAM -

TRV

D
2 Monitoring wel was
5 not installed at this
© & g | boring location.
5o =
£EEQ
38g
Saf ‘
Gua : ground surface (gs}
Hydrated - SP - Mottled orange-brown fine
1 Bentonite Seal - SAND with trace fines, subangular,
1— - well sorted, clast supported, moist. -

4 N " Noted strong old-gasoline odor.

3.0

No recovery.

40

30f

g5

SP ~ Uniformly brown fine SAND
- with trace fines. subanguiar, well -
5 ' ' sorted, ciast supported. moist

] ’ grading wet.
ol Noted strong old-gasoline odor.

4.0

100

SP - Mottled brown-red fine SAND
. with trace fines, subangular, well
9 . sorted, clast supported, wet.
' Noted strong oid-gasoline odor
throughout.

3.0

120

: 1] SM - Mottled brown-tan SILTY fine
i ) i1 SAND, subangular, moderately
12 akE sorted, clast supported, saturated.
Noted free-phase gasoline on
water. ’

2.5

82

[ 11 135
End of boring at 13.5 feet bgs.

Collected Sample SB18-0102 (1.0 -
2.0 feet bgs).

Collected Sample SB18-0708 (7.0 -
8.0 feet bgs). |

- ecology and environment, inc.

WELL_LOG WILCOX.GPJ 7-6-88




DRILLING LOG OF . ZLL/BORING NO. SB-19 - ~ Page1of-

Project/l.ocation:  Wilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 8 _

Boring Location: Adjacent to northwest comer ASTs. " Ground Elevation (feet above ): Unknown
i Inner Casing Elevation (TOC): N/A

Date StartedfFinished: 04 June 1998/ _ Groundwater Depth (fest BGS):

Drilling Contractor: Ecology & Environment, Inc. First Encountered: v NA_ Fipal: w

Drill Method: GecProbe - Dire_ct Push : Geologist: Paul D. James, P.G. )

DEPTH (feety
RECOVERY (fest)

Meonitoring well was .
not installed at this
boring location.

Grounq Surface

Elevation
Unknown

ground surface (gs}

Hydrated ] SW - Stained black-brown SAND
Bentonite Seal K with trace fines and fine gravel,
‘angular to subangular, poorly

. B sorted, matrix supported, moist. 25 ~ '
tar] Noted petroleurn odor and staining. Collected Sampie SB19-0102 (1.0 -
i el 2.0 feet bgs).
2 N _ 3.5

2.5

SP - Stained black-brown, fine
SAND with trace fines, subangular, |] - 40
well sorted, clast supported, moaist.
3.5 Upper contact - sharp.
Noted petroleum odor and staining [
£ 4.0 \throughout.
No recovery, /— 60
¥ - SM - Stained black with varible i
: : brown-orange, SILTY fine SAND
5—| |1i 5o withtrace CLAY, subanguiar, well
R Sk “= sorted, matrix supported, moist.
. o R Upper contact - gradational.
L] Noted pefroleum odor and staining
6— I hroughout. 4.0
- SM - Mottled brown-black- orange,
. gl SILTY fine SAND with little CLAY 10
Mok (~25%), subanguiar, poorly sorted,
7 qRE matrix supporied, moist. Upper
i contact - sharp. i ggllfeezt;ag;:)a?pie SB19-0708 (7.0 -

_ 11l 8@
¢ End of boring at 8.0 feet bgs.
* Noted weathered sandstone in foot
of macro-sampler.

VironTWELL_LOG WILCOX.GR 7-8-08 .
g




DRILLING LOG OF WL L/BORING NO. SB-20

Page 10f 1

Project/Location:  YVilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 3
Ground Elevation (feet above ) Unknown

Boring Location:  Ifibutary 1. See Site Map

Date Started/Finished: 04 August 1998/
Drilling Contractor: Ecology & Environment, Inc.

Drili Method:  Slam Bar - Direct Push, 1 in. dia. hole

inner Casing Elevation (TOC): = N/A
Groundwater Depth (feet BGS);

First Encountered: ¥ NA_ Fipar y

‘Geologist: L. Williams

gt - .:75.. %
: - WELL... o'l ' e [ 2 PID
o e SOl : R
z- g comeETon |G DESERIT Szl | Fop|
2 & DIAGRAM:: S 3 : ) 8 witt | {ppm)- :
T £ - LS 2 ST ;
u- 2 =t i
i a Gl &Ml !
® ?
2 Monitoring welf was
5 not instalied at this
ﬁg .5 s boring location. :
£§8 |
Sg% . 3
GW3 ground surface (gs)
3 Silty Sand (SW-SM) - mottled Sample taken from center of dry
] s H] reddish brown - brown (10YR 3/2), stream bed
<A fine grained, subangular,
5~ . maderately sorted with silt 10% and
o dryed petroleum fragments < 1%
_ - {< 3 mm dia), interbedded with a 18
. grey to light brown silty sand
2 L] stringer @ approx. 0.5 ft. (1 in.
. E; thick)
N Al 30
Total Depth = 3 ft.
4_
5—
6‘_
7= =
84_
g
10|

ecology and environment, inc.

WELL_LOG WILCOX GPJ 9-29.98 i




DRILLING LOG OF WL L/BORING NO. 5B-21 Page 1 of 1
Project/Location: Wilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 3
Boring Location: 1fibutary 1, See Site Map Ground Elevation (feet above ): Unknown

Date Started/Finished: 04 August 1998/
Drilling Contractor: Ecology & Environment, Inc.

Inner Casing Elevation {TOC}: N/A
Groundwater Depth {feet BGS):

First Encountered: ¥ N/A _ Final: h 4

Drili Method:  Stam Bar - Direct Push, 1 in. dia. hole

Ge'o!ogist: L. Williams

: WELL. el . =& PID
z:.§|  COMPLETION. |3 Dﬁg{:ﬁ?ﬁgw B> | FDl COMMENTS
2.& DIAGRAM:  |Q SO S| | em) | L
< T e s T o SR e
P e o el -
ﬁi, L . é S ETEETIRE
U 0 | Qo ¥ |
©
& Monitoring well was
5 net instailed at this
% ‘5 §. boring location.
5% 8
B3 E )
Guo ground surface (gs)
' ] Silty Sand (SW-SM) - mottled Sample taken from center of dry
d -t reddish brown - brown (10YR 3/2}, stream bed
. fine grained, subangular, .
1 . moderately sorted with silt 10% and
dryed petroleum fragments’ < 1%
] - Wt (< 3 mm dia.) - 18
- g
4] 3.0 _
Total Depth = 3 {t.
—
\\._
5_
5—
| !
I
7— . i
] é
P L
b
9.«—
10

YEOVORIG Lm i

ecology and environment, inc.
'C‘.«’E’E%Qﬁﬁ?l’

ikt &Y BFRT BNV &

reology and environfifikh|0G WILCOXGP. 52098




Date Started/Finished: = 04 August 1998/
Drilling Contractor:  Ecology & Environment, Inc.

Drill Method:  Slam Bar - Direct Push, 1 in. dia. hole

‘DRILLING LOG OF WL _L/BORING NO. SB-22 Page 1 of 1
Project/Location:  YVilcox Refinery / Bristow. Oklahoma Total Depth of Hole (feet BGS): 3
Boring Location:  1ributary 1, See Site Map Ground Elevation (feet above ): Unknown
N/A

Inner Casing Elevation (TOC):

Groundwater Depth (feet BGS): ‘
FirstEncountered: 7 NA _ ping v

Geologist: L. Williams

WELL el N € PID S
— , . % SOIL/ROCK ] o~
g | coweETon (3 DESCRIPTION 2|z| |Fo COMMERNTS
2 2 DIAGRAM:. . il ' Qlu {ppm) | o
-l B =~ Cixls :
S E : |E] HEE
oo iml =5(Q! =
o a S, 2R e
<] !
= Monitoring well was
S not installed at this
2 .5. g boring location.
58 ¢
LoE
(GRTVRe ground surface (gs) -
<l Silty Sand (SW-SM) - mottled Sample taken from center of dry
i e reddish brown - brown (10YR 3/2), stream bed
i fine grained, subanguiar,
_ . moderately sorted with silt 10% and
I dryed petroleum fragments < 1% (<
- R 3 mm dia) - 18
2_
5l 3.0 -
Total Depth = 3 ft.

WELL LOG WILCOX.GPJ 9-75-98 |




DRILLING LOG OF W L/BORING NO. 5B-23

Page 1 of 1

Wilcox Refinery / Bristow, Oklahoma

Total Depth of Hole (feet BGS): 3

Project/Location.
Boring Location:  Lributary 1, See Site Map Ground Elevation (feet above ): Unknown
inner Casing Elevation (TOC): N/A
Date Started/Finished: 04 August 1998/ Groundwater Depth (feet BGS):
Drilling Contractor: Ecology & Environment, Inc. _ First Encountered: ¥ = N/A Final: ¥ ——
Drili Method:  Stam Bar - Direct Push, 1in. dia. hole Geologist:' L. Williams '
i “WEEL: - Farl e RO Bl= PID
6 ’f‘é CCMPLETION: = _ ng:_:!-é?pqgen .‘ % = [FiD] | L COMMENTS
Qe DIAGRAM: “ | Q| fighons 0 Q4 m; s
S o 2oy
o e = AR
oal 1oy @ e |
[} . ' l
2 Monitoring well was i
B not instatied at this
i ¢ & | boring location.
592 e
€ 2 i
358
Pag
owos ground sutface (gs)
e Silty Sand (SW-SM) - mottied Sample taken from center of dry
i s reddish brown - brown (10YR 3/2), stream bed
- fine grained, subangular, ’
4 . moderately sorted with silt 10% and
dryed pefroleum fragments < 1% (<
4 3 mm dia) 18
2~ bl
o M 30
Total Depth = 3 ft.
4_
- !It )
o &
5_
7_—
8.—_
Q_.
iQ

-

ecology
rECY

d enyironment, inc.
55 Lol

oniYER LOG WILCOX GPJ 9-28-98
T




DRILLING LOG OF W.. L/BORING NO. SB-24

Page 1 of 1
Project/Location:  YVilcox Refinery / Bristow, Oklahoma Total Depth of Hole _(feet'BGS): 2
Boring Location:  Tributary 1, See Site Map ~ Ground Elevation (feet above ): Unknown
: Inner Casing Elevation (TOC): N/A
Date Started/Finished: 04 August 1998/ _ Groundwater Depth (feet 8GS);
Drilling Contractor:  Ecology & Environment, Inc. First Encountered: ¥ NA_ Final: v
Drili Method:  Slam Bar - Direct Push, 1 in. dia. hole Geologist: - L. Williams '
WELL eyt : ' 4€5 | PID . : :
COMPLETION | 3| i 11 | o COMMENTS
: : DIAGRAM o i A} | (pom) '
: g S i R >lek
S ‘%.: 2 e__l,
[T 98 N = .
oo & S
@
8 Monitoring weli was
S not installed at this
% .S g boring location.
Sk
S E
ouws ground surface (gs) :
oty Silty Sand (SW-SM) - rottled Sample taken from center of dry
] 1 reddish brown - brown (0-0.5 ft.) stream bed
. and hydrocarbon stained (dark
/] . brown - green), fine grained, 1.0
0 subangular, moderately sorted with
d i siit - 40% , rounded fine gravei -
o 10% and dryed petroieum |
2] 2.0_ fragments - < 1% (< 3 mm dia), !
Refusal @ 2 ft. ] [ Sandstone outcrops can be seen on i
- Sandstone - reddish brown to tan, both banks of stream.
. well sorted. compacted and poorly
3 cemented - T
1 Total Depth = 2 f.
4 —
I !
6] ;

ecoiogy and environment, inc.

WELL_1.0G WILCOX.GPJ ¢-29-38 |




'DRILLING LOG OF W.. L/BORING NO. SB 25 ' o Page 1 of 1

" ProjectiLocation:  VVilcox Refinery / Bristow, Okiahoma Totat Depth of Hole (feet BGS): 3
Boring Location: Tributary 1, See Site Map Ground Elevation (feetabove ): ~ Unknown

inner Casing Elevation '(TOC): N/A

Date Started/Finished: 04 August 1998/ ' Greundwater Depth (feet BGS):
Drilling Contractor: Ecology & Environment, inc. First Encountered: 7 N/A Final: ¥
Drill Method:  Stam Bar - Direct Push, 1in. dia. hole ' -Geo_logist: L. Williams
o e PID o
g o SOIL/ROCK =l .
5 3 = DESCRIPTION 2z | o + | COMMENTS:
= = ?g: oo gy P Wl {ppm) . .
o [ = = 3 i o>
= b (% g Dl
- & 2 = 2Elg
il -0 RECHE R i
® . .
& Monitering well was
5 not installed at this
g 5 g boring iocation. '
588 {
£5 ¢ \
QW ground surface (gs)
- Siity Sand (SW-SM) - mottled . [Sampie taken from center of dry
] i reddish brown - brown (10YR 3/2), stream bed
R fine grained, subangular; '
- N moderately sorted with silt 10% and
Ry dryed petroleum fragments - < 1%
- - (< 3 ihm dia.) o 18
2 B |
5 430 R
Total Depth = 3 ft.
4
. (
5 e
s-—
7—
a—
g_.

o

. erology and environdig LOG WILCOX.GPJ 9-29-98

erctory and omvbronmen?




DRILLING LOG OF W LL/BORING NO. SB-26 Page 1 of 1

Project/Location:  YVilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 3
Boring Location: Iributary 1, See Site Map ' Ground Elevation (feet above ):  Unknown
' Inner Casing Elevation (TOC): N/A
Date Started/Finished: 04 August 1998/ Groundwater Depth (feet BGS):
Drilling Contractor:  Ecology & Environment, Inc. First Encountered: 7 NA Final: ¥
Drill Method:  S'am Bar - Direct Push, 1 in. dia. hole - Geologist: L. Williams
WELL kS . i PID . U
° : SON/ROCK: 2 : -
z- COMPLETION | gl > [FID]- COMMENTS
8‘“' DIAGRAM: ol DE.SCRIPTIO}E-- Bed & | (ppmy B o
& RE: S15|2|
o i =
i e ok B30 | i |
(]
S Monitaring well was
g not instalied at this
2 5 § boring location.
258
SoE
Qua ground surface (gs)
h Silty Sand (SW-SM) - mottled . Sample taken from center of dry
J ~-tH reddish brown - brown (10YR 3/4), stream bed
iy fine grained, subangular,
1| e moderately sorted with silt 10% and
e dryed petroleum fragments < 1%
4 i R (< 3 mm dia) 18
2] .:E'
4 “Rl 3.0
Total Depth = 3 fi.
J
P
5_.
&—
7
a—
o
hivl

A

ecology and environment, inc.
WELL_LOG WILCOX.GPJ 9-25-98 .




DRILLING LOG OF Wi _L/BORING NO. SB-27 Page 1 of 1
Project/Location:  YVilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 3
Boring Location:  T7ibutary 1; See Site Map Ground Elevation (feet above ): Unknown

N/A

Date Started/Finished: 93 August 1998/
Drilling Contractor: Ecology & Environment, Inc.

Drill Method:  Stam Bar - Direct Push, 1 in. dia. hole

Inner Casing Elevation (TOC):

Groundwater Depth (feet BGS):
First Ehcountered: V4 N/A Final: ¥

Geologist; - Williams

: I . it PR
L SOI/ROCK Zi0| Tremel _
5 DESCRIPTION: . Slgp | ERrL COMMENTS
= o o o (e | (PR
e ga ® (s
Ef : AT
§ Monitoring wei was
g not installed at this
g _5 g boring location.
=]
35 <
eaE
ouws ground surface (gs) 7
Silty Sand (SW-SM) - mottied Sample taken from center of dry
E reddish brown - brown (10YR 3/6), stream bed
) fine grained, subangular,
4 i moderately sorted with silt 49% and
R dryed petroleum fragments < 1%
N Ih (< 3 mm dia) 1.8
= s
o] 4 3.0
: Totai Depth = 3 fi.
—
i (
5|
5
-
o—
9]
ia

ecology and environment, inc.
i aper

=

WELL _LOG WILCOX.GPJ 9-29-98

seology and énviFonment
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DRILLING LOG OF W.. L/BORING NO. SB-28 : ' | Page 1 of 1

Project/Location: ~ Wilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 2
Boring Location: ~Tributary 1, See Site Map Ground Elevation (feet above ): Unknown
: Inner Casing Elevation (TOC): N/A
Date Started/Finished: 09 August 1998/ Groundwater Depth (feet BGS):
Drilling Contractor;  Ecology & Environment, Inc. First Encountered: v NA_ Fjpal: v
Diill Method:  Slam Bar - Direct Push, 1.in. dia. hole Geb!ogist: L. Williams '
WELL o ) el PID i
z- §| comPtEToN S| ooy *Z";%- »| | FID} " COMMENTS
2] DIAGRAM::: Q ; 3w - T
: = . 3 o , ogl :\;(ppm)
SE gl 315>
@ial il§ @y S
§ Monitoring well was
g not instailed at this
' = ¢ | boring location.
o8 2
S§¢
So:
Ows ground surface (gs) .
v Silty Sand (SW-SM) - mottled Sample taken from center of dry
4 el reddish brown - brown (7.5YR 3/4) stream bed
O and, fine grained, subangular, '
1 Rt} moderately sorted with silt - 50% . 18
R rounded fine gravel - 49% and :
i -1 dryed petroleum fragments. < 1%
E - (<3 mm dia}, Refusal @ 2 ft.
2] e, =

Total Depth = 2 fi.

ecology and environment, inc. :
WELL L OG WILCOX.GPJ 9-29-98




DRILLING LOG OF W...L/BORING NO. SB-29

Page 1 of 1

Wilcox Refinery / Bristow, Oklahoma

: PrdjécﬂLocation:

Boring Location:  Iributary 1, See Site Map

Date Started/Finished: 05 August 1998/

Drilling Contractor:  Ecology & Environment. Inc.

Drill Method:  Slam Bar - Direct Push. 1 in. dia. hole

Total Depth of Hole (feet BGS): 1
Ground Elevation (feet above ): Unknown

Inner Casing Elevation (fOC):- N/A

Groundwater Depth (feet BGS):

First Encountered:. 7 ™A Final v
Geologist: _L. Williams

ecology and egyironment, inc.

TR 4
B e o

| e [ o 18
L CWELL 1 VP el | PID- " -
2 &) DIAGRAM - 1O e e 1 31E| | (epm) T :
Bzl e g CEEL i : NS - i
S (2 ksl !
Py L alol 3
s 0O G o) ) !
] . \
8 Monitoring weli was '
g not installed at this :
. ¢ g | boring location. .
50 =2 :
=58
Sagf
WS ground surface (gs) .
(e - Silty Sand (SW-SM) - mottled Sample taken from.center of dry
4 o reddish brown - brown (7.5YR 3/4), 0.8 stream bed
fine grained, subangular,
1] 1.0 moderately sorted with silt 24% and
dryed petroleum fragments < 1% [
i {< 3 mm cia), Refusal @ 1 fi. .
Total Depth = 1 foot
2] .
3—4
14—
5o
6_..
7
a—
9—
in
o

logy and enn'mnmltz:lﬁlt*LOG WILCOX.GPJ 9-29-98

g% _ersetrecun ows ane y




'DRILLING LOG OF W../BORING NO. SB-30 o T Page 101

Project/Location:  Yilcox Refinery / Bristow, Oklahoma . Total Depth of Hole {(feet BGS): 3
Boring Location;  1fibutary 1, See Site Map Ground Elevation (feet above ): Unknown
) Inner Casing Elevation (TOC): -~ N/A
Date Started/Finished: 25 August 1998/ Groundwater Depth (feet BGSY: _
Drilling Contractor; Ecology & Environment, Inc. First Encountered: ¥ NA_ Fnar vy |
Drill Method: ~ Slam Bar - Direct Push. 1 in. dia. hole _ - Geologist: * L. Wiliams i

- WELL_ ol e 12 PID- T
, = , /ROCK - : R
Z 3 COMPLETION: |9 Dg;gg-é?PTION % > {FID} _ COMMENTS:
= £ DIAGRAM. o Gt L | (ppmy )
< I R I : : Sl >
> B - o, 20|z
2 % S18|a
o a ] A ol
o
g . Monitoring weli was
S not instalied at this
“gg boring iocation.
o2
$R8
25 ;
=0 |
! cws " ground surface (gs) .- i
i »fml - Siity Sand (SW-SM) - mottled. ' Sample taken from east bank of Lee's
! . ] reddish brown - brown (10YR 3/6), pand.
i fine grained, subangular, :
1— moderately sorted with siit 10%
. _ 18|

3.0
Total Depth = 3 ft.

ecology and environment, inc. ' '
WELL_LOG WILCOX.GPJ §-28-08 :




DRILLING LOG OF W. _L/BORING NO. SB-31° | Page 1 of 1

.ProjchLocation: Wilcox Refinery / Bristow, Oklahoma

Boring Location: Tributary 1, See Site Map.

Date Started/Finished: 05 August 1998/
Drilling Contractor: Ecology & Environment, Inc.

Total Depth of Hole (feet BGS): 3
Ground Elevation (feet above ) Unknown
Inner Casing Elevation {TQC): - NA
Groundwater Depth (feet BGS):

First Encountered: ‘SAZ NA_ Fipal: h 4

Geoiogist: L Williams

Drill Method:  Stam Bar - Direct Push, 1 in. dia. hole

3.0

o =18 N
: 2 SOIL/ROCK. 2151 ..[;'g]: _
5 b} DESCRIPTION: Bl it
s 2 i O W ffeRmyd
11 [ 1t
@ la oy @ o 4
o S
g Monitoring well was
B not installed at this
“ « ¢ | boring location.
-8 =
SE8 ;
3=
2L e
LW ground surface (gs}
[ Clayey/Silty Sand (SW-SM) - Sample taken from west edge of Lee's|
i B mottled reddish brown - brown pond ;
o+ {5YR 4/3); fine grained, subanguiar,
- - moderately sorted with clay/silt 50%
’ 1.5

Total Depth = 3 ft.

ecology anc(:j e

il

nvironment, inc.

. WELL LOG WILCOX.GPJ 9-28-68
ceviogy and environment

s ey il e




DRILLING LOG OF WL . L/BORING NO. SB-32 o Page 1 of 1

Project/Location:  YVilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet 8GS): 1 !
Boring Location: ~ Iributary 1, See Site Map Ground Etevation (feet above ): Unknown ,

Inner Casing Elevation (TOc): ~ N/A
Date Started/Finished: 05 August 1998/ Groundwater Depth (feet BGS): _
Drilling Contractor:  Ecology & Environment, Inc. First Encountered: 7 NA_ Fina: vy |
Drill Method: = Stam Bar - Direct Push, 1 in. dia. hole : Geologist: L. Williams f

PID '
[FiD] COMMENTS
(ppm)

WELL:.
COMPLETION
DIAGRAM:

SOILROCK”™
DESCRIPTION:

BLOWGOUNT -~
RECOVERY (feet)

ELEVATION
DEPTH (feet)
GRAPHIZLOG ™

Monitoring weil was ‘ : o |
not instalied at this T :
boring tocation.

Ground Surface

Elevation
{nknown

ground surface (gs) ' ' ' ;

L] Clayey/Silty Sand (SW-OH) - Sample taken from the center of West
o Hydrocarbon stained brownish 1ol - strearmn bank
L] green to black, fine grained, ' ’ ’
- AN 1.0 subangular, poorly sorted with
\ clay/silt 25%, and decayed plant /
i leaves, strong hydrecarbon odor

Total Depth = 1 fi. _ ;

ecology and environment, inc.
. WELL_LOG WILCOX.GPJ 9-26-98




DRILLING LOG OF W. _/BORING NO. SB-33 Page 1 of 1

Project/Location: ~ YVilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 1
Boring Location;  1Tibutary 1, See Site Map Ground Elevation (feet above ): ~ Unknown
Inner Casing Elevation (TOC): N’A
Date Started/Finished: 05 August 1998/ Groundwater Depth (feet BGS):
Drilling Contractor: Ecology & Environment, Inc. ~ FirstEncountered: ¥ = N/A Final: ¥
Drill Method:  S!am Bar - Direct Push, 1 in. dia. hole Geologist: L. Williams
D g
WEEL . | Rl RID S -
.2l compieTion- - |9 A B2l | Fo COMMENTS
‘T SR R il -4 Fey g i :
=k NS iNac o NiEa
% § 88_1
s RRuss Waje|dl
[+
& Monitering well was
B not instalied at this
g _5 § boring location.
858
SoE :
QU= ground surface (gs)
A Clayey/Silty Sand and Gravel | Sample taken from the center of wet |
d o= (SG-OH} - Hydracarbon stained 10 stream bed
A brownish green to black, fine ' i
i 2 1.0 grained, subangular, poorly sorted :
with clay/silt 20%, decayed plant - :
] leaves and fine to medium grained :
gravel - 30'%, strong hydrocarbor; X
2 dor. I
Total Depth = 1 ft.
3
_ (
5— b
E—.
7——
a_.
g—
i
ecology and environment, inc. :
- : WELL_LOG WILCOX.GPJ 9-28-88
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DRILLING LOG OF W._.L/BORING NO. SB-34

Page 1 of 1
Project/Location;  VVilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 1
Ground Elevation (feet above ): Unknown

Boring Location: Irbutary 1, See Site Map

Date Started/Finished: 03 August 1998/
Drilling Contractor:  Ecoiogy & Environment, Inc.

Drill Method:  Stam Bar - Birect Push, 1 in. dia. hole

Inner Casing Elevation (TOC): N/A
Groundwater Depth (feet BGS):

First Encountered: ¢ N/A ' Final: v
Geologist: L. Williams .

PiD:

WELL : (9 L
= : SOIL/ROCK .
z COMPLETION: - | S DESCRIPTION [FiD] COMMENTS:
2.& DIAGRAM:- Q] | (ppm)
< E S 4 g
T ig] =
@ A o |4
§ Monitoring weill was
= not installed at this
% _5 § boring iocation.
E5 8
S ;
) @ s ground surface (gs) i
o= Clayey/Silty Sand and Gravel Sample taken from the center of wet
i = {(SPG-0OH) - Hydrocarbon stained 10 stream bed
w brownish green to black, fine
tAN 1.0 grained, subanguiar, poorly sorted

;savel - 20 %, strong odor

with clay/silt - 25 %, decayed plant
4 leaves and fine to medium grained

24 : Total Depth = 1 fi.

ecology and environment, inc.

WELL_LOG WILCOX.GPJ 9-29-98 |




DRILLING LOG OF W. _L/BORING NO. SB-35 . Page 1 of 1
Project/Location:  V¥ilcox Refinery / Bristow, Okiahoma Total Depth of Hole (feet BGS): 3
Boring Location: Pond 2 southeast of Lee Residence, See Site Map  Ground Elevation (feet above ): Unknown
Inner Casing Elevation (TOC): N/A
Date Started/Finished: 98 August'19981 ' Groundwater Depth (feet BGS):
Drilling Contractor:  Ecology & Environment, Inc. First Encountered: 7 NA_ Finai: v
Drill Method:  Stam 8ar - Direct Push, 1 in. dia. hole Geologist: L. Williams
Z compteTion |91 Dggéﬁgﬁg“ Z| | COMMENTS: .
:O. CHAGRAM :;:Z% 3 : o 8 || (ppmy : -
§ Monitoring well was
g not instalied at this
Cg _5 g boring location.
2%
35S
goc :
Quwo grotnd surface (gs) iy
Silty Sand (Fill) - dark brown, Sampie taken from southwest comer
B strong hydrocarbon odor : of Pond 2
] 1.0
Sand and silt (Fill) - grey to light
4 ) brown, soft, strong hydrocarbon 18
£33 1.8 oder '
2] Silty Sand {Fill) - dark brown, o
strong hydrocarbon odor
1] 3.0
Total Depth = 3 .
4._...
5— e
5
a—
9_
h1u]
:_j ecology and environment, inc. NELL LOG WILCOX.GP) 62668
' FHONGIRE RERE LSsplogy and enviranment ' '




DRILLING LOG OF We.LL/BORING NO. SB-36 -

—d

Page 10of 1 |
Project/Location:  YVilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 9 %
Boring Location:  Ifibutary 2, See Site Map " Ground Elevation (feet above ): Unknown ;
i
tnner Casing Elevation (TOC): N/A !
Date Started/Finished: 04 August 1998/ ' Groundwater Depth (feet BGS):
Drilling Contractor: Ecology & Environment, inc. First Encountered: 7 8.5 Fina: ¥
Drili Methog:  JMC - Direct Push, 1 in. dia. hole ‘ Geologist: L. Williams '
WELE o =" PIEY | - TR
z 5 COMPLETION. 9 S_OIUROCK Frs| [FID) COMMENTS
S g DIAGRAM - 3| DESCRIF'TION (o3 g:J - (PpmY)
L) T I : S U :
== i SO
O 0. a1 7o B R )
?é Moniioring well was
5 not installed at this
fg 5 § boring iocation.
5g¢8
PoE
Gws ground surface (gs) |
Silty Sand (SW-SM). - mottled i Sampie taken from east bank of
4 reddish brown - brown (5YR 5/8), Tributary 2 :
fine grained, subangular, '
7 moderately sorted with silt 30%,
groundwater @ 6-7 feet. Slight
4 hydrocarbon odor 3.0
2]
3t
—
E
. iR 3.0
. s
:::E:
6 Z:E Laboratory sample taken from §- 7
. \vi ::.ij foot interval :
7 F y
] I 25
8 bl
2 ﬂ
1 i
.; 9.0
5— o =
Total Depth = 9 ft.
10
ecology and environment, inc. ‘
WELL_L OG WILCOX.GPJ 929-8a




DRILLING LOG OF W. _L/BORING NO. SB-37

Page 1 of 1
Project/Location:  Wilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): @
Boring Location:  fributary 2, See Site Map Ground Elevation (feet above ): Unknown
' inner Casing Elevation (TOC): N/A
‘Date Started/Finished: 04 August 1998/ Groundwater Depth (feet BGS):
Drilting Contractor; Ecetogy & Environment, Inc. First Encountered: v 6.5 Final: »
Drilt Method:  JMC - Direct Push, 1 in. dia. hole Geologist: L. Williams
4 . Rk PID :
= a1 . SOI/ROCK Er= o
g & af DESCRIPTION: I8 | oom e
LT 12 Sk IR -
oo R =29 9 ot
..o & R e | 3
g " Monitoring wet was
= not installed at this
3 ¢ ¢ | boring location.
5O 32 .
S k
Ow- ground surface (gs)
Silty Sand (SW-SM) - mottied Sample taken from east bank of
_ reddish brown - brown (5YR 5/8), Tributary 2
! fine grained, subangular,
1— i moderately sorted with silt 30%.
i groundwater @ 6-7 feet..
n - plin - 3.0
2 i
\3“’-' .-
- 2
. E, 3.0 s
5_ o)
5 . Laboratory sample taken from 6 - 7
j 2::» foot interval
7= ..
- . 3.0
- i
| -
Nety!
o il eo
Total Depth = 9 ft.
10 e

}
ecology and environment, inc.

d oarsr
[

By

WELL_LCG WILCOX.GPJ §-29-88




Page 1 of 1

| DRILLING LOG OF Wr..L/BORING NO. SB-38

Project/Location: Witcox Refinery / Bristow, Oklahoma

Tributary 2, See Site Map-

Boring Location:

Date Started/Finished: 34 August 1998/

Drilling Contractor: Ecology & Environment, Inc.

Dril Mé_thb_dl JMC - Direct Push, 1 in. dia. hole

Total Depth of Hole (feet BGS): 9@

Ground Elevation (feet above ): Unknown

inner Casing Elevation (TOC): N/A

Groundwater'Depth (feet BGS):

First Encountered; % 1__ Final: ¥ .

Geologist: L Williams

COMBLETION:
DIAGRAN

ELEVATION
DEPTH (feet)
GRAPHICLOG.

SOLROCK -
. DESCRIPTION.

PiD
(FID]
(opmy|

RECOVERY (feet)

BLOW COUNT "
LEL (%)

Gfound Surface

Monitoring well was
not installed at this
boring location.

Elevation
Unknown

ground surface (gs)

Moist soil at 1.1t.

T I L FrF ¥ L EF T

ool ] 9o

el Silty Sand (SW-SM) - mottled

+o 1] reddish brown - brown (5YR 5/8),
“He fine grained, subanguiar,
moderately sorted with silt 30%.

Sample taken from east bank of
Tributary 2

Laboratory sampie taken from the 0-1
30 foot interval

:3.0

25

Totat Depth = 9 ft.

ecology and environment. inc.

WELL_LOG WILCOX GPJ 9-29-98 |




DRILLING LOG OF W. _/BORING NO. SB-39 - Page 1 of 1
Project/Lacation:  YWilcox Refinery / Bristow. Oklahoma Total Depth of Hole (feet BGS): 2
Boring Location:  Iributary 2, See SiteMap - Ground Elevation (feet above ): Unknown
' Inner Casing Elevation (TQC); N/A
! Date Started/Finished: 09 August 1998/ Groundwater Depth (feet BGS):
Drilling Contractor:  Ecology & Environment. inc. ' " - First Encountered: ¥ 35 Final ¥ _.___
Orill Method:  JMC - Direct Push, 1 in. dia. hole Geologist: L Williams - '
- o 'i £1] P
Z S 5 x5 1 [FIDE:
Q.. o 3w | (el
B F O St
G T 2 01c :
Oy é 9 8 &l
s 1o o o
§ Monitoring well was
5 not installed at this
%)_5 § boring location.
Sg¢
St
QuS ground surface (gs) .
;n Silty Sand (SW-SM) - mottled Sample taken from east bank of
| R reddish brown - brown (5YR 5/8), ' Tributary 2
oob fine grained, subangular,
- o moderately sorted with silt/ clay -
s 40%, groundwater @ 3 - 4 feet. -
J i 3.0
LIH
24 o
> Laboratoty sample taken fro 3 - 4 faot
. interval
o
E 2.5
{
5—
64-
|
7— E‘
1 4] 30
. |
ol = 90
Total Depth =9 ft.
0
ecology and environment, Inc. WELL LOG WILCOX.GP 526-68
v ygied Dag?x’ seology ﬂr)d er}\fimnmenl
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DRILLING LOG OF WLLL/BORING NO. SB-40 : Page 1 of 1
Project/Location:  YVilcox Refinery / Bristow. Oklahoma Total Depth of Hole (feet BGS):  ©
Boring Location:  Ifiputary 2, See Site Map Ground Elevation (feet above ): Unknown
: i Inner Casing Elevation (TOC): N/A
Date Started/Finished: 06 August 1998/ : Groundwater Depth (feet BGS):
Drilling Contractor:  Ecology & Environment, Inc. First Encountered: ¢ 3.5 Final: v+ ____
Drill Methoa: JMC - Direct Push, 1 in. dia. hole Geologist: L. Williams
|— s
WELL @} 12 P AR
5 COMPLETION. S Sg(';UROCKN > [FID] COMMENTS "
£ DIAGRAM: 'O} DESCRIPTIO |5 | opm) .
By : % ] I
; g - o Z'-:'g‘-::gj. :,'
§ Monitoring weill was
g not installed at this
tg .5 g boring location.
2EQ
3 = §
E o =
ouws ground surface (gs) :
Silty Sand (SW-SM) - mottled Sample taken from east bank of
§ s reddish brown - brown (5YR 5/8), : Tributary 2
- fine grained, subanguiar,
1o 2:{n] moderately sorfed with silt/ clay -
+. I 40%, groundwater @ 3 - 4 feet.
. o ' 3.0
2- o
. S]
il
. - &: Laboratory sampie taken from the 3 -
§ hviN 1 4 1t. intervat
4 - . ;
1 - 30
5 ]
o -l 60
Total Depth =6 ft.
7 —
85—
94
] |
bi] R

ecoiogy and environment, inc. WELL LOG WiLCOX Py 62656 |
- i




DRILLING LOG OF W. _L/BORING NO. SB-41 Page 1 of 1
Project/Location:  Wilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): B
Boring Location:  1ributary 2, See Site Map Ground Elevation (feet above ): Unknown
inner Casing Elevation (TGC): NIA
Date Started/Finished: 06 August 1998/ Groundwater Depth (feet BGS):
Drilling Contractor; Ecotogy & Environment, Inc. First Encountered: ¢ 2.5 Finak ¥
Drifl Method: “MC - Direct Push, 1 in. dia. hole Geologist: L. Williams
L g
WELL .. o | S PID o
'z F COMPLETION: 91 ngé;ﬁgggn 5 >|. | IFo] _ COMMENTS:
e DIAGRAM:-. | | &'t QW _ | teom) L
{-::'.-I RS : :E: 1 3 > 55
L0 ] 3 Qe
o 5 12 ERasy
oy O B N
o . 7
= Monitoring well was
g not installed at this
@ ¢ £ | boring location.
=02
g § 8 7 :
SoE t 2
oW ground surface {(gs) . ) H
Silty Sand (SW-SM) - mottled- Sample taken from west bank of ‘
J reddish brown - hrown (8YR 5/8), Tributary 2
fine grained, subanguiar, -
1o moderately sorted with silt/ clay -
40%, groundwater @ 2 - 3 feef.
- . 30
2—
37 Laboratory sample taken from the 3 -
i 4 ft. interval :
R 3.0
o } {
] gt
. 1 60
_ Total Depth =6 ft.
8 p—

. WE
reolegy and environmen

LEI;LDG WILCOX.GPJ 8-20-98

A SRVACOTRERGI




DRILLING LOG OF WL .L/BORING NO. SB-42 . Page 10of 1
Project/Location;  Wilcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 6
Boring Location:  Jributary 2, See Site Map Ground Elevation (feet above ): Unknown
Inner Casing Elevation (TOC): N/A
Date Started/Finished: 06 August 1998/ ' Groundwater Depth (feet BGS):
Drilling Contractor:  Ecology & Environment, Inc. ‘ First Encountered: v 25 Final v ___
Drill Method: JMC - Direct Push, 1 in. dia. hole - ’ Geologist: L. Williams
L L _-,’-_§-_ : S
COMPLETION DS&%?&?SN - Sz | Fop
DIAGRAM i o Qig| i (pemyf:
: L Bl =T Ecl B -
W e EEElEl
§ Monitoring well was -
5 not instailed at this
“ ¢ ¢ | boring iocation.
o=
ST 8
oa%
Cwo ground surface (gs)
Silty Sand (SW-SM;} - mottied
] - reddish brown - brown (5YR 5/8),
R . fine grained, subanguiar,
1 i moderately sorted with silt - 30%
i and petroleum globuais < 1% (< 3
] -t cm dia), groundwater encountered EY
g @2-3ft i
2~ - :
] b1
. ' Laboratory sample taken from the 2 -
] 3 ft. interval
4— .
1 -t 3.0
5] 0
e - S 0
Total Depth = 6 ft
?—
8—
9 ed
10

ecology and environment, inc. |  WELLLOG WILCOX G zess




DRILLING LOG OF W. _L/BORING NO. SB-43 Page 1 of 1
Project/Location:  YVitcox Refinery / Bristow, Oklahoma Total Depth of Hole (feet BGS): 9
Boring Location:  Tributary 2, See Site Map Ground Elevation (feet above ): Unknown
Inner Casing Elevation (TOC): N/A
Date Started/Finished: 05 August 1998/ Groundwater Depth (feet BGS): _
Dn"ing Contracrtor: Ecology & EnVifonmEnt, Inc. i First Enéountered: v 6.5 - Final: ¥
Drill Method: JMC - Direct Push, 1 in. dia. hole Geologist: L Williams
i VELL Fa SOILROGK: g p|[) G
z comPLETION |9 s i P NG | COMMENTS
8 5 DIAGRAM: Jo DESCRIPTI é 1 {ppm)| o
G 13 2zl
I.L{ R4 i< A
§ Maonitoring well was
g not installed at this
“ & ¢ ( boring location.
p8 =2
58 ¢ j
e8¢ *
Qw2 ground surface (gs)
Silty Sand (SW-SMj - mottied Sample taken from west bank of
. reddish brown - brown {5YR 5/8}, Tributary 2
fine grained, subangular, -
] moderately sorted with silt/ clay -
30%, groundwater @ 6 - 7 feet.
_ . . N 3'0
2_
a-
4
- 3.0 ;
5 ‘
5= Laboratory sampie collected from & -
i 7 ft. interval
?_4
i 2.5
B
ol 90 ,
Total Depth =9 f.
16|

en\'ironn%k’—"os WILCOX.GPJ 9-29-88
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DRILLING LOG OF W._L/BORING NO. SB-44

Page 1 of 1
Project/Location;  Wilcox Refinery / Bristow, Oklahona Total Depth of Hole (feet BGS):  ©
Boring Location:  Iributary 2, See Site Map Ground Elevation (feet above ): Unknown
: Inner Casing Elevation (TOC):; N/A
Date Started/Finished: 05 August 1998/ Groundwater Depth (feet BGS):
Drilling Contractor: Ecelogy & Environment, Inc. FirstEncountered: ¥ 45 Finat v ___
Drill Method:  YMC - Direct Push, 1 in. dia. hole Geologist: L. Williams
: WELL o) o PID .
z. %S|  COMPLETION Sl Dggg'é?;?& '%. zi (FEDL © ‘COMMENTS
9 & DIAGRAM o = ol S dij_ | (pemy ‘ L
| z o [ 5@
= g . [+ o] 3 e
§ Monitoring well was
= ‘not instailed at this
© & & | boring {ocation.
o8 =X
238
SuE
(G . ground surface (gs)
E Silty Sand (SW-SM). - mottted Sampie taken from west bank of
] tH reddish brown - brown (5YR 5/8),. Tributary 2
Ny fine grained, subangular,
] ! moderately sorted with silt/ clay -
30%, groundwater @ 4 - 5 feet.
. . Refusal @ 6 ft. 3.0
2_
3 '::
7 Laboratory sample collected from 4 -
] Vit a0 5 ft. interval

6.0

Total Depth = 6 ft.

ecology and environment, inc.

WELL_LOG WILCOX.GPJ 9-29.28 |




DRILLING LOG OF WL _L/BORING NO. SB-45

Page 1 of 1

Project/Location:  Wilcox Refinery / Bristow, Oklahoma

Boring Location:  1fibutary 2, See Site Map

Date Started/Finished: 05 August 1998/
Drilfing Contractor:  Ecology & Environment, [nc.

Orill Method: MG - Direct Push, 1 in. dia. hole

Total Depth of Hole (feet BGS): 6
Ground Elevation (feet above ): Unknown
Inner Casing Elevation (TOC): N/A
Groundwater Denth (feet BGS):

First Encountered: ¥ 1 Finat Yy

" Geologist; L. Williams

WELL .
_ SOI/ROCK -
COMPLETION" - DESCRIPTION::

DIAGRAM -

ELEVATION
DEPTH (feet)
GRAPHIGLOG

S
e €] | PiD _
Z3 | [FID) COMMENTS
o (4| (ppm)
21315
] - wnk
G| Y

Monitoring well was
not instalied at this
boring location.

Ground Surface

Elevation
Unknown

ground surface {gs)

Silty Sand (SW-SM) - mottled
fine grained, subangular,

b 40%, groundwater @ 1 feet.
Refusal @ 6 ft.

Total Depth - 6 ft.

8.0

reddish brown - brown (5YR 5/8}),.

moderately sorted with silt/ clay - *

Sample taken from west bank of
Tributary 2

Laboratory sample from 0 - 1 fi.
3.0

2.5

3.0

ecology and environment, inc.

e

eeology and t*nﬁronrwgrlilf"‘os WILCOX.GPY £-29-88




DRILLING LOG OF W L/BORING NO. 5B-46 Page 1 of 1

Project/Lacation:  Wilcox Refinery / Bristow. Oklahoma Total Depth of Hole (feet BGS): 12
Boring Location: Pond 2 east offfiif] Residence Ground Elevation {feet above ): Unknown
Inner Casing Elevation (TOC): N/A
Date Started/Finished: 06 August 1998/ Groundwater Depth (feet BGS):
Driling Contractor; E=¢celogy & Environment, Inc. First Encountered: 7 NA Fina ¥ ____
Drill Method:  <MC - Direct Push, 1 in. dia. hole Geologist: L. Williams
S f o - ==t P
=b S . SOR/ROCK bz : o
g = DESCRIPTION x| |Hov COMMENTS
. of f Oy g i (ppm) .
,.I... - E : Nl
| & SRz
FEaEal LR S 2. n:ﬂ
] Monitoring well was {
5 not installed at this
0 o g | boring location.
2s
VW= ground surface (gs) i
Clayey/Silty Sand (Fill) - dark Sampie taken near center of Pongd 2 °
T 0 brown, strong hydrocarbon odor |
" i
— - - - E
! Clayey/Silty Sand (Fill) - light brown i
E - grey. strong hydrocarbon odor, ‘%3-0 :
2— 2.0 soft ‘
Clayey/Silty Sand (Fill) - dark
i brown, strong hydrocarbon odor
3
4— -
4 3.0
7 !
*7 i Composite sample collected from 6 -
4 12 ft. i
] §
B 3.0 :
H
88— |
g
1
10— )
. ' . 2.5
17—
2] 12.0
Total Depth = 12 ft.
13—
14|

ecology and environment, inc. WELL LOG WiLGOKGP 82640 |




Appendix B

Records of Communication
(6 Pages)

06:000608_KI06_04_00_00-DT1221
SAR.WPD-3/30/99-RA B-1




Tom Beer
Print Originator's Name
Ecology and Environment, Inc.

RECORD OF COMMUNICATION

Conversation with:

Date _03 / I8 / 98
(Mo)  (Day) (Year)

| Name: (NN

Time: 11:00 AM

[X] Originator Placed Call

[]1 Originator Received Call

Subject: Site Access

Discussion:

-is the owner of the 80-acre former tank farm area comprising most of the Wilcox Refinery site. -ave verbal
approval for EPA and START to access the propetty for a site reconnaissance visit and will sign the formal Access Agreement upon
receipt. The property is mostly fenced but the access gate from the north-central side of the site is not locked. -requestcd a
copy of the ESI so [ referred him to ODEQ and the EPA.. Also,- is in the process of selling the property and has conducted |
some remediation at the site including bulldezing soil over oily waste at the surface within tank berms, at Pond 1, and on the oily

waste “Pit". The heavy equipment and operators were apparently provided by Tenneco Oil Company.

Follow-Up-Action:

Mail site access consent agreement 1o -

Originator's Signature \7 . Bﬂf

06:FORMS-ROC/AY OMERGE-02/05/99-D1




Tom Beer
Print Originator's Name
Ecology and Environment, [nc.

RECORD OF COMMUNICATION

Conversation with: Date _03 / 19 / 98
(Mo} (Day) (Year)

| Nern: [N Time: 10:00 AM

M_Bristow. OK 74010 [X] Originator Placed Call

M [1 Originator Received Call

Subject: Site Access

Discussion:

_ is the co-owner of the 13 to 20-acre former refinery area comprising most of the western end of the Wilcox Refinery
site. DI gave verbal approval for EPA and START to access the property for a site reconnaissance visit but stated that his
son,_ is the other co-owner of the property and would have to be contacted for signing the formal Access Agreement
The property is fenced. and keys 1o the access gate at the north end of the property can be obtained from_
would like to have a familv member present during the site visit. .
DIEE iscusscd a number of issues related o environmentat assessment of the site:

- Bl acquired the property from Jim Bankston (JB) in about 1969. The large tanks were mostly salvaged for sc_'rap iron by iB from
1963 10 1966. The tank bottom studge (TBS) were burnt to reduce the liguid content prior to cutting the tank walls down to
ground levef. The tank base steel was mostly left in place:

- Three medium size above-ground storage tanks (ASTs) and one small AST remain on site. Two in the far northwest corner of the
are mostly intact and have a thin layer of residual sludge and rain water in the base. one medium-size tank at the south end of the
is just a shell, and the one-small. circular tank with a conical roof in the center of the property has a small. unknown quantity of
sludge or ‘burner fuel’ in its base.

- A third property owner lives in a trailer on approximately 4 acres-of land to the east of [[JJJs rroverty. B ESHIIEIEG

apparently have an uniisted phone number. The area around the [Jill residence was sampied in 1996 during the ESI by Weston.

Follow-Up-Action:

Contact the remaining property owners on the Wilcox Refinery site: (S SEGTGTGTGNGNGEEEEEEEEEEE
Mail site access consent agreement to (S} EIEEE-

Originator's Signanire | ] . Ejﬂf

26:FORMS-ROC/WOMERGE-0Z 05.99-D1




Tom Beer
Print Criginator's Name
Ecology and Environment, Inc.

RECORD OF COMMUNICATION

Conversation with: Date _03 / 19_/_98

: (Mo} (Day) (Year)
Name: Mr. Hal Cantwell and Mr. Karén Khalafian Time: 11:00 AM
Address: Oklahoma Department of Environmental Quality (ODEQ), Tulsa. OK [X] Originator Placed Call
Phone: (405) 271-7158 and (405) 7025115 o [{ Originator Received Cali

Subject: ODEQ Involvement at Wilcox Refinery

Discussion: .

Mr. Cantwell is the supervisor of the Site Assessment Group at ODEQ in Tulsa. He confirmed ODEQ has knowledge and

experience at the site, but that no site-specific investigation of the site is being conducted currently. Mr. Cantwell referred me to Mr.

Khalafian who is currently conducting a site investigation at the adjacent Chio Oil Refinery site to the north of Wilcox, that includes
" aregional groundwater study.

Mr. Khalafian {KK) was helpful in providing background information for the area and the status of current ODEQ activities. The
original

Wilcox Refinery included the Ohio Oil Refinery site (north) and the Lorraine Refinery site (west} of the current EPA Wilcox
project site. KK is sampling domestic and municipa wells in and around the project area and the City of Bristow. during
the week of March 23. KK agreed to provide START with analytical resul{s upon completion. KK providca the following aquifer
information:

- a shallow aquifer occurs at about 30 ft. bgs and domestic wells are screened at 60 to 70 fi. bgs;

- shallow wells at the First Assembly Church (Lorraine Refinery) and [{JJJ§iJj proverty have been closed recently due to

hydrocarbon edor and taste:
- deeper wells for the City of Bristow are screened at about 200 ft. bgs and produce good water.

KK will provide copies of televant aerial photos and Sanborn maps when we meet onsite next week or during subsequent field work.

Follow-Up-Action:

Originator's Signature J Bjﬂ’/

06:FORMS-ROC/WOMERGE-02/05/99-D1




Tom Beer
Print Originator's Name
Ecology and Environment, Inc.

RECORD OF COMMUNICATION

Conversation with: Date 03 / 25 [ 98
' (Mo)  (Pay) (Year)

Time: 16:55 PM

Addr Bristow, OK 74010 {] Originator Placed Call

Phone [1 Originator Received Call

Subject: Site Access

Discussion:

Meet {8 by chance at his driveway entrance during the START site reconnaissance visit on 3/25/98., BXGEN rcadily provided
his uniisted phone number, address, and verbal penmission to access his property. He stated that his security precautions and
warning sigas were mostly to keep out rowdy teenagers and prevent crank phone calls. [[JiSJiend his wite [ have only
owned the 3.6-acre lot since 1996, and don’t know any site history. They have areas of oily waste at the surface surrounding their
trailer home. mostly outside the inner fenceline. Gas and water utility lines follow south along the west side of the gravel access

road and angle southwest toward the house from a point on the access road near the gas meter.

Foliow-Up-Action:

Mail site access consent agreement to [{BEI

Originator's Signature j . EJ’M

06:FORMS-ROCWOMERGE-02/05/99-D1




Tom Beer

Print Originator's Name
Ecology and Environment, Inc.

RECORD OF COMMUNICATION

Conversation with: Date _04 / 08 / 98
(Mo) (Day) (Year)

__Bristow, OK 74010 - { [} Originator Placed Call

Phone: _ [} Originator Received Call

Subject: Site Access

Discussion:

Meet - at his business prior to the START site reconnaissance visit to [Nl property on 3/25/98. (NS z2ve

verbal permission to access his property and arranged for his brother [, who lives in the site residence. to open the gate and

accompany us onsite. ([ can provide a gate key to START for easier access during field work.

Follow-Up-Action:

Criginator's Signature \7 M

06: FORMS-ROC WOMERGE-(2/05/99-D1




Tom Beer
Print Originator's Name
Ecology and Environment. Inc.

RECORD OF COMMUNICATION

Conversation with: Date _05 [/ 28 / 9§

{Mo) (Day) (Year)
Name: Ms. Linda Tate Time: 10:00 AM
Address: Administrator. City of Bristow, Bristow. OK 74010 [X] Originator Placed Call
Phone: {918) 367-6233 ] [] Originator Received Call

Subject: Informing the Mavor of EPA START Site Activity at Wilcox Refinery

Discussion:

Initiailly START left a message with Ms. Tate on 4/27/98 to inform the Mayor of propesed field investigation activities to be
performed at Wilcox Refinery. The first field sampling event was postponed due to heavy rain and muddy site conditions. Ms. Tate
was contacted again prior to the second field mobilization to inform the City of Bristow of further site activities. Ms. Tate will
inform the Mayor and alerted START that more rain fell in the area on Tuesday 5/26/98. Ms. Tate was also aware of the water well

testing conducted by ODEQ in March. 1998.

Follow-Up-Action:

Originator's Signature J M
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